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With skeleton starter housed 
in UNITROL Door Frame... You pick the spot in your machine that’s best “orig 
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Who Need This 
New Bruning | 
Printer-Developer? 


@ Perhaps, like 60% of all print users, 
you require prints in medium quantities, 
yet have found small-capacity machines in- 
adequate ...and high-volume production 
units not suited to your requirements. Then 
here’s exactly the machine for you—the new 
Bruning Model 41 Printer-Developer! 


In this new Bruning model, printer and 
developer are combined in a single, com- 
pact unit, which fits into any drafting room 
or office to bring you all the advantages of 
Bruning Black and White Prints, whether 
you use roll stock or cut sheets. The Model 
41 exposes and develops Black and White 
prints at speeds up to 6 feet per minute. 
A new 2,000 watt glass mercury arc lamp 
assures uniform light distribution. Simpli- 
fied method of feeding tracings and sen- 
sitized paper assures safety to tracings— 
eliminates pinching or catching. Prints are 
delivered in front of machine flat, dry and 
ready for use. Remember, BW machines 
require no plumbing. 

Get full information about the Bruning 
Model 41 BW Printer-Developer — and 
about other machines in the complete 
Bruning line. Mail the coupon! 


Whetl 
locomot 
landing, 
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Its Positively Right—In Bruning Black and White 


CHARLES BRUNING COMPANY, INC. 

4726-42 Montrose Avenue, Chicago 41, Illinois 

Please send me complete information on your Model 41 
Printer-Developer—and on other Bruning printing and 
developing machines for making Bruning Black and 
White Prints. 


Name 





Company 





Street 








City. 





NEW YORK 


Atlanta 
Kansas City 
St. Louis 
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CHARLES BRUNING COMPANY, If 


Since 1897 


CHICAGO Los ANG 
Houston 


Boston Detroit 
Milwaukee Newark Pitsber? 


San Francisco Seattle 
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ylheged tna fight a winning war 


CAN WIN YOUR PEACETIME BATTLES TOO x 


a. saME high standard of spring engi- 


neering that has enabled us to produce 
—by the millions—the infinite variety of pre- 
cision springs required for America’s weap- 
ons of war, is ready, when the time comes, 
to supply your needs for springs for peace- 
time purposes. 

The springs that accurately time the sec- 
onds in a poised hand grenade, that control 
the delicate precision instruments of a Super- 
fortress, or that keep a block buster from 
bursting in mid-air are perfectly designed, 


perfectly adjusted for each specific job. 
They are the true prototypes of the better 
engineered, more efficient springs that will 
be available to improve your product of 
tomorrow, to increase its reliability, better 
its performance, or reduce its cost. 


American Steel & Wire Company 
Cleveland, Chicago, and New York 


Columbia Steel Company, San Francisco 
Pacific Coast Distributors. 


United States Steel Export Company, New York 


UNITED STATES STEEL 


Whether you plan to use springs to cushion the pounding drive of a 
locomotive, to smooth the ride of a speeding car, to soften a helicopter’s 
landing, or to control the action of a sportsman’s reel, our spring spe- 
tialists will gladly show you what springs to use to get the best results 
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CELLOPHANE glued to the inside of glass doors 
on refrigerators having temperatures as low as —70F 
prevents frosting of the glass. According to H. J. 
West of the Penn Electric Switch Co. this method 
proves helpful and saves much time, particularly if 
it is required to see inside the compartment. 


ERRORPROOF PHOTOGRAPHIC methods 
measure take-offs and landings of airplanes and have 
proved to be more accurate, economical and safer 
than any previous method employed. Motion-picture 
film exposed double—once to a known grid pattern 
and once to the moving airplane—make the record, 
formerly a hazardous task requiring six or more 
theodolites and operators. 


UNSATISFACTORY REPORTS on failure of any 
part of AAF equipment are sent to Air Service Tech- 
nical Command for study. During April 30,000 such 
reports were received and corrective measures de- 
vised for return to the field in the form of technical 
orders. 


AMERICAN WAR STANDARD for acme screw 
threads has been developed with the co-operation of 
Britain and Canada. It is expected that it will be- 
come a national standard in the three countries and 
that it will fill the needs of a large cross section of 


industry. 


ASPHALT PAINT as a protective coating, being 
particularly effective against bad weather but weak 
against the action of hot sun, has been improved 
so that it now withstands the effect of the latter 
also. According to the A. C. Horn Co., asphalt 
containing aluminum is a_ successful ‘all-weather 
paint. When applied, the asphalt sinks to the bot- 
tom whereas the aluminum floats to the top, re- 
flecting the sun’s rays. 


CONVEYOR BELT system on Douglas’ C-47 
cargo-carrying aircraft has decreased time required 
for air crews to drop supplies to ground troops from 






ace 


40 minutes to a few se. 


onds, according to the Air’ 


Technical Service Command, Ap 

endless chain driven conveyor driven 

by a 3.87-hp motor, the belt extends from 

behind the pilot’s compartment to the rear door 

of the plane, a distance of 22 feet. With this system 

crew members are exposed to enemy fire for a mini- 
mum time. 


STRATOCHAMBERS make possible complete 
tests for Philco military aircraft electronic devices 
which virtually take them for a flight around the 
world in 90 minutes. During this simulated flight the 
weather conditions in every part of the globe may 
be duplicated at altitudes from sea level to 60,000 
feet or higher. Temperatures range from -70F to 
158F and relative humidity from less than 10 per 
cent to practically 100 per cent. 


PLASTIC UPHOLSTERY, developed by United 
States Rubber Co., will provide designers with a 
material both waterproof and flameproof. Un- 
affected by perspiration, salt water, alcohol, gaso- 
line, oils, greases, most acids, and alkalis, the up- 
holstery will be particularly useful for open cars, 
boats and other outdoor installations. It can be 
cleaned with soap and water and has been adopted 
by the Navy for equipment on all combat ships. 


JET PROPULSION transport for flight not greatly 
in excess of 500 miles is only slightly higher in cost 
than that of present-day transport, according to G. 
E. engineers. For the utmost in speed, disregarding 
other considerations, jet propulsion is by far the best 
performer. 


DETONATION INDICATOR makes possible 10 
to 15 per cent reduction in gasoline consumption in 
long-haul flight operations. Change in frequency, 
caused by detonation, is detected by a pick-up unit 
attached to the engine cylinder wall. This impulse 
is amplified to flash a neon light on the mstrument 
board. 


INDUSTRIAL DESIGNERS have formed a 50 
ciety to establish criteria for ethics, training and 
practice in the profession. Limited in membership 
to professional designers, the new Society of Indus- 
trial Designers has as officers Walter Dorwin Teague, 
Raymond Loewy, Henry Dreyfuss, Harold Van 
Doren and Egmont Arens. 
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MACHINE DESIGN 





Part |I—Basic Elements 


[YOMPUTING mechanisms can for convenience be 
J divided into two groups, cyclic and continuous. 











The cyclic computer, exemplified by the familiar 
King-calculator used in every engineering office,: per- 

only one cperation for a given setup, and deals with 
‘gal numbers. The continuous computer, with which 
"series of articles is concerned, deals with continually 


mg inputs which may assume any value, integral or 
————__., 


=. q gaching the Robot to Think Ahead’”—Alan Osbourne, 
nd Metallurgical Engineering, April, 1931, Pages 245-247. 
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fractional, and yields a continuing solution based upon the 
instantaneous values of those variables and the relation- 
ship connecting them. 

Although by far the most intensive development of 
continuous computing mechanisms has occurred in the 
field of gun fire-control apparatus, it is believed' that the 
methods employed’ are by no means limited to this type of 
equipment. Some extensions have indeed been made, but 
chiefly in the field of laboratory apparatus. It is in the 
wide field of industrial and process control that the great- 
est advances may be expected. 

Purpose of this series of articles is to gather together the 
basic information regarding the design of elements com- 
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posing present-day fire-control equipment, in the hope that 
designers in other fields will find new applications of these 
mechanisms. The articles will deal only with continuous 
computers of the mechanical type. 

Because the development of continuous computing 
mechanisms has been brought about by the need for de- 
livering accurate fire upon targets of ever-increasing speed 
and maneuverability, it is appropriate to mention briefly 
the high spots in this development. As is generally un- 
derstood, not only must all factors influencing the flight 
of the projectile such as wind, range, height, etc., be taken 
into account, but also the movement of the target during 
the projectile’s flight; and all this must be done in the 
shortest possible time. The need for automatic means for 
performing these calculations began to be pressing nearly 
thirty years ago in the Navy, where the problem was fur- 
ther complicated by the movement and roll of the vessel. 

This need culminated in the development, about the 
time of the last War, of an instrument designated by the 
U. S. Navy as a Range Keeper. The first instruments 
were designed, naturally, for the control of main battery 
guns on capital ships, and were later extended to other 
armament. : 

During the mid-twenties the problem of anti-aircraft 
fire control began to assume even more importance than 
surface fire control, due to the rapid development of the 
airplane as an offensive weapon. Here the difficulties 
were multiplied manifold. The target was much faster 
and moved in 2 three-dimensional space. Time for lay- 
ing the guns had to be reduced and more frequent fire 
maintained. New instruments were developed following 
the same principles successfully used in the older surface 
equipment, with the addition of gyro stabilizers which 
permitted fire to be continued at any point in the roll. 
Automatic (synchro) data transmission also became com- 
mon about this time, both for AA and surface fire control, 
so that the various elements comprising the system were 
linked with the guns continuously, requiring no interme- 
diate human agency. 


The Army, meanwhile, had not been idle. Similar ap- 
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paratus, adapted to Army needs, was designed for | 
anti-aircraft and surface fire control. A recent exalgat rati 
is the Sperry-Maxson Gun Data Computer Ml, Fig om th 
developed for the contiol of coastal batteries by the anges 
Army and the W. L. Maxson Corp., and built in progpur 
tion quantities by the Sperry Gyroscope Co. Bete 

These methods have been applied also to navigalighice 
aids, such as Dead Reckoning Tracers and Line-of-? mputir 
tion Computers. pipners 

In mechanisms of the continuous computing type cass 
mathematical quantities are represented by movemenigr tani 
machine elements. These may be translation, as by ;) ane 
movement of a push rod or cam follower, or rotation @uters, 
shaft or other part. Transition can be made from whet! 
representation to another by means of a rack and pinigises, 
The scale of the movement usually is expressed id 
many units per inch in the case of translation, or per™y™ in 

















4 nai 
lution in the case of rotation. = e 
Choice of the scale is an important consis a € 
the standpoint of accuracy it is desirable to have te* a 
nits per 9s of t 


as large as possible, that is, to have as few U 
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= ; adjustment points 


t per revolution ) as possible, since backlash and mechan- 
| inaccuracy will then have less effect. A large scale 
elements operating graduated dials or counters en- 
les readings to be made with greater precision and min- 
izes such factors as twist in shafting. Long shafts should 
ays have a large scale. On the other hand it usually 
necessary to keep the instrument within a definite size, 
ich limits the scales that can be used. Some idea of 
t proper scales to choose can be judged by the fact that 
t backlash between a pair of gears cannot be reduced 
ch below 0.001-inch for interchangeable manufacture. 
h any particular shaft 0.001-inch at the pitchline of a 
a will represent a definite error in the quantity, the 
J kgnitude depending upon the scale at that point. Sum- 

ng up these errors for the whole train will show whether 

scales are adequate. 

A quantity need not have the same scale throughout, of 
d for use. It can be stepped up and down at will by suitable 
nt exalgét ratios to fit the scales of various elements it is driving. 
1, Figgom the foregoing, however, it can be seen that gear 
y the Uanges should be limited to the minimum possible for 
in progeura 

Concerning accuracy, the U. S. Navy follows a standard 
navigati@ectice in designating the various errors in fire control 
ine-of imputing mechanisms which might well be followed by 

signers of this type of equipment for all uses. | Errors 
yg types classified A, B and C. Class A errors are those due to 
pvementyetianical inaccuracies (backlash, incorrect adjustment, 
, as by) and necessarily include reading errors in dials and 
otation @imters. They may or may not be systematic, depending 
e from whether they are due to faulty adjustment or to other 
and piss. These errors, when reduced by correct adjust- 
essed pt to minimum values possible, represent the precision 
or perigte individual instrument. Class B errors are those due 

mathematical approximations employed in the design. 
tion. MY are, of course, systematic and identical for all sam- 
ve the of a given design. Class C errors are the algebraic 
its pets of the A and B errors and represent the overall accu- 
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racy of the individual sample. The limiting values of A 
and B errors are specified in the design, and thereby influ- 


ence the choice of scale and fineness of workmanship, and 


also the permissible departures from exact analytical 
methods in the theory of the solution. 

Dials and counters are commonly used for indicating the 
values of input and output quantities, and sometimes for 
intermediate quantities where needed for calibration. Dials 
are sometimes compound, reading units and tens. The 
units dial is then called the fine dial, and the tens dial 
the coarse. This system can be extended indefinitely— 
units, tens, hundreds, etc., as in a gas meter. The division 
between fine and coarse need not be decimal—for ex- 
ample, the fine dial might read inches from 0 to 12, and 
the coarse read in feet—but ordinarily it is preferable. 
Various arrangements can be used, such as the fixed dial 
with a pointer moving around it, or the rotating dial read 
against a fixed index. Dials driven by different quantities 
may also be mounted concentrically, and read against each 
other as well as against a fixed index, thereby yielding ad- 
ditional differential quantities. For example, one dial might 
represent the compass heading of a ship when read against 
a fixed index. A second, concentric, dial might represent 
the wind direction with respect to the ship’s course when 
read against the fixed index, and true wind direction when 
read on the compass dial, Fig. 2. 

Counters usually are the familiar Geneva stop type used 


‘universally for revolution counting, the last drum generally 


showing tenths of a revolution, the next whole revolu- 
tions, etc. 

Where quantities can go more positive than negative, 
it is common to change the reference for numbering dials 
and counters from the actual zero to some point beyond 
the most negative number. For example, a certain gun 
may be able to elevate 5000 minutes above horizontal and 
depress 1000 minutes below. In this case the most de- 
pressed point would be designated zero, horizontal posi- 
tion 1000, and highest elevation 6000. However, if it is 
decided to use negative numbers, dials must be provided 
with two sets of numbers running in opposite directions, 
the negative set preferably red. With counters it is nec- 
essary to use two sets, one for positive and one for nega- 
tive numbers, with a shutter that covers one counter and 
uncovers the other when the quantity passes through zero. 

Input quantities are applied to the mechanism man- 
ually through handcranks, or automatically by mechan- 
ical or electrical connection with other instruments. Where 
inputs are applied manually provision must be made to 
prevent settings from “backing out” after the handle is re- 
leased. This can be done by frictions on the handles, by 
irreversible worm drives, or by the use of a mechanism 
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called a “line lock”, which allows motion from the handle to 
the instrument, but not the reverse. It consists essentially of 
a self-energizing brake in the form of a coil of wire wrapped 
around a fixed drum, Fig. 3. When torque is applied from 
the handle the coil is loosened, but when torque is ex- 
erted from the mechanism the coil is tightened on the drum 


and prevents movement. With automatic inputs it or- 
dinarily is not necessary to provide anti-backout devices, 
since the driving means is always connected. 

It is always ot the utmost importance that the various 
elements making up a computer keep their relative cali- 
brations, and to this end the interconnections should be by 
positive means, such as gearing. Furthermore, gears should 
be pinned or otherwise firmly secured to their shafts, not 
by set-screws. However, it is necessary to have means: 
for calibrating the various components after assembly, so 
a sufficient number of adjustment points must be pro- 
vided. In some cases this can be done by breaking a gear 
mesh at a selected point by loosening a bearing bracket, 
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but this allows adjustment only to the nearest tooth, which 
may not be close enough. In most cases it is necessary to 
use some form of clamp connection. One method is to 
have a selected gear equipped with a slotted hub, around 
which a binding clamp is fitted, Fig. 4. Such a device will 
hold as firmly as a pin, yet will permit easy adjustment. 
This type of clamp is ideal for securing dials (which may 
often be made adjustment points). Another type of clamp 
for connecting abutting shafts is shown in Fig. 5. 

Since many parts of a mechanism will have a limited 
range of travel, it is necessary to insert limit stops. These 
preferably are placed as closé as possible to the sources of 
inertia forces, which usually are on high-speed shafts. 
Consequently the stop must be capable of making many 
revolutions. One form of suitable stop is shown in Fig. 6. 


*Genevas and intermittent drives are discussed in detail in most books 
on Kinematics or Mechanism. 





Genevas* (Fig. 7) also are frequently used, the last boar 
being held to a limited travel. By simply adding wh ale 
in the Geneva train, it can be adapted to any range 
travel of the controlled parts. 

Occasionally an instrument will require that op | 
ment have a definite range of travel, while another , 
ment driven by the same input quantity may have am 
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last y board fire-control equipment it is not considered 
Ng Whcible to compute the effect of trunnion tilt beyond 15°; 
) Tangll. ship, however, may sometimes roll up to 40°, and the 
) will measure and supply this angle to the computer. 
t one Mi cuch cases the part with the limited travel must be 
other Mtected by an intermittent drive* which disengages and 
ve amis the drive to the protected part when the limit is 
2 typalfched, while permitting the input quantity to go beyond 
limit. When the input again falls below the limit the 
J fptis re-engaged without loss of synchronism. This device 
Absimilar to a Geneva, except that instead of having only 
» tooth per revolution, the driving wheel may have teeth 
half or three quarters of its periphery, the remainder 
ing locking space. 
5 Where the input quantity is driven in automatically by 
servo motor, it usually is necessary to open the circuit 
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— Geng. 8—Mechanism for the addition of a constant, K, to 
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t limit stop device of Fig. 6 is used, this can be simply 
ire by having the traveling nut strike a spring leaf switch. 
han electrical limit switch must not prevent movement 
the opposite direction, of course; otherwise the quan- 
y would get “hung up” on the limit. 

Before leaving this preliminary discussion, some men- 
_# should be made of synchro transmission and servo- 
ehanisms. Synchro transmission as such is beyond the 
of this series, a wealth of literature on the subject 
mg in existence, but due to its close connection with 
. i fire-control computing equipment, the following 

@ discussion is included for the sake of completeness. 
#° tame synchro is a term covering an electro-mechan- 
# ‘ystem whereby the angular position of a shaft is 
Pitted electrically over wires to a remote point, where 
Tt feproduced synchronously. The shaft at the receiver 
follow every movement of the transmitter shaft with- 
4 the torque limitations of the system, and without ap- 
pyMable delay. It behaves as if the shaft at the receiver 
peer geared to the transmitter. These devices go under 
ytety of names and tradenames, such as telemeter, 
#, autosyn, A.C.S., D.C.S., etc. Most of the present 
‘ystems operate on single phase alternating current, 
there are at least two systems using direct current. 
ep"itation from the same source is available at both 
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transmitting and receiving ends, only three wires are re- 
quired for each circuit; if not, five wires are needed (two 
to carry the excitation). 

There are also differential synchros which permit two 
electrical inputs from different sources to combine and 
register the sum or difference of the two inputs. 

Positional accuracy of these devices runs between one- 
half and one degree. Where greater accuracy is required, 
recourse is had to two-speed transmission, fine and coarse. 
For example, in transmitting train angles it is customary 
to make the coarse transmitter 1-speed (360° per revolu- 
tion) and the fine transmitter 36-speed (10° per revolu- 
tion). Thus the angular errors of transmission are re- 
duced to 1/36 of their value otherwise, or to about 1 or 2 
minutes maximum. Since the torque gradient of synchro 
devices is extremely small, servo-mechanisms invariably 
are used in conjunction with them for torque amplifica- 
tion where they supply automatic inputs to computing 
mechanisms. Sometimes synchro receivers are followed 
up manually. One method is to use concentric dials; the 
inncr dial is mounted on the receiver shaft, and the outer 
dial is connected to the manual input drive (“follow-the- 
pointer”). Another method is to mount the receiver stator 
in bearings so that it can be driven by the manual input 
(differential mounting). A single receiver dial is used, 
and when this dial starts to move off the fixed index in 
response to a signal, the operator cranks in an equal and 


X Dial 
Y Dial — 


/42T 
] 


tb a 
a a el co 


50T 

















JT 














W3T 
Fig. 9—-Illustrating multiplication by a constant 


opposite change to keep it lined up (“zero-reader”). 

A servomechanism is simply a device for mechanically 
following up the motion of some other element which is 
not capable of exerting much force, or whose accuracy 
would be impaired by the imposition of force. They are 
used widely in computing mechanisms and take a variety 
of forms, including electrical, hydraulic, pneumatic, mag- 
netic clutch, and mechanical clutch. Some types involve 
the use of vacuum tubes or thyratrons. Some, such as the 
Waterbury speed gear (hydraulic) are able to move the 
turrets of battleships. In computing mechanisms, how- 
ever, most servos are required to produce only a moderate 
torque amplification and usually are electric motors of the 
two-wire reversible type, which are capable of being re- 
versed by a one-pole, double-throw switch. Devices are 
added to reduce hunting and overrun, and increase dy- 
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namic accuracy. A thorough mathematical treatment of 
servos is contained in Dr. Hazen’s classic work?. Servo- 
mechanisms will be treated in more detail later in this 
series where they occur in connection with other mech- 
anisms. 

With the foregoing background of basic concepts and 
elements, the mechanisms for performing various math- 
ematical processes will now be discussed in detail. 

ADDITION OF A CONSTANT: The simplest mathematical 
process is the addition of a constant to a variable: 


y=x+K 


In any computer such a constant as K is added simply as 
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Fig. 10—Differential gear for performing addition or sub- 
traction of two variables 


an offset to a dial or other part so that y is always K greater 
than x, Fig. 8. 

MULTIPLICATION BY A CONSTANT: 
tity by a constant, 


To multiply a quan- 


y = Kx 


a gear ratio equal to the constant must be interposed, if 
the scale is to be the same for both y and x. For example, 
suppose a mechanism is desired that will calculate the 
circumference of a circle when the diameter is given, or: 


y=7Xx 


where x is diameter and y is circumference. The ratio 
355/113 expresses + to seven significant figures. How- 
ever, a 355-tooth gear is undesirably large, so it would be 
preferable to break this up into a compound change of 
say, (50/20) x (142/113), as shown in Fig. 9. 
Sometimes the multiplication can be accomplished sim- 
ply by a change of scale, especially when the quantity con- 
2H. L. Hazen—‘“‘Theory of Servo-Mechanisms’’, Journal of the Franklin 
Institute, Vol. 218, No. 3, Pages 279-331; and “Design and Test of 


a High-Performance Servo-Mechanism”, ibid, Vol. 218, No. 5, Pages 
543-580. 
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cerned drives a dial. In the foregoing example, jf 
graduations on the x dial had 7 times the Spacing of thy 
on the y dial, no gear change would be needed, 
ADDITION AND SUBTRACTION OF Two VaniaBLgs: 
general formula for addition and subtraction is 


Z2=x2y 


This operation is performed by a diiferential gear, ide 
cal with that found in automobile rear ends, Fig, 1), 
should be noted that there is always a change in scab 
going through a differential. If the two input varia 
enter on the end gears, the spider, representing the y 
or difference, has twice the value per revolution of ¢ij 
of the inputs. This can be realized by holding one inp 
say y, stationary and revolving x. The spider will » 
only half as much as the x end gear, yet this motion 
represent x; therefore the scale value per revolution 
double. Whether a differential adds or subtracts depa 
upon the sense of the inputs. If both end gears tun Aut 
the same direction for increasing values of input, thenfhown 

differential adds; if reverse, they subtract. The sense dhe bot 
of course, be changed simply by inserting an idler in@.ag 

input. It should be noted that the end gears need @ 


bottles 
necessarily be the inputs and the spider the output. 


not, 
ottles 
Fig. 11—Spur gear differential, which does same job Design 


bevel gear differential shown in Fig. 10 loys o 


spider can be one input, if desired, and one of the ¢ 
gears the output, It must be remembered, howevehy 
the scale value per revolution of the spider is always 
that of either end gear, regardless of whether it 8% 
or output. Although Fig. 10 shows a bevel gear Gm 
tial for clarity, spur gear differentials also are often 
Fig. 11. 3 
In the second article of this series, to be publishet 
month, the design of mechanisms for performing M® 
cation and division of variables will be discussed: im 
tion the methods used in computing trigonometie? 
tions will be considered. ' 
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S depe 
rs tung Automatic control for boitle filling equipment 
, thenhown installed in a dairy, below, and schematically at 
Sense he bottom of page allows the filler to run at maximum 
ler inineed ond with minimum attention by assuring that 
need Hoitles are in filling position while the filler is running. 
* { not, the filler will stop until a sufficient number of 
bottles is in position. Then it will restart automatically. 
_ ibMesigned by C. N. Bergmann, Pittsburgh, the control em- 
| loys a starwheel, two pressure control arms and switch 
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mechanism located on the feed conveyor. 
In the sketch an upset bottle is stopped 


by the starwheel. The control arm there- 
fore opens the circuit of the filler because 
of the discontinuity in the feed conveyor as 
shown. Operation resumes when the fault 
is corrected and bottles refill the conveyor. 
Likewise, if the bottle supply does not keep 
up with the filler, it is stopped until the sup- 
ply is resumed, allowing the filler to be set 
at maximum speed without endangering its 
operation. When the supply to the attach- 
ment falls below the speed of the filler and 
the bottles become separated a distance of 
six inches, the control arms of the attach- 
ment will open and stop the filler even 
though the space between the attachment 
and starwheel entrance to the filler is full of 
bottles. This prevents jamming and pos- 
sible breakage which may result if bottles 
are not close together at the filler. In this 
way the control will maintain continuous op- 
eration when the bottle supply is adequate. 


Ribbon-Frame camera is capable of 
exposures between 9.0001 and 0.0006-sec- 
ond, producing over 2000 frames on a stand- 
ard No. 122 film which is 3!4-in. wide and 
35-in. long. The film is carried past a 0.15- 




















in. slit, each frame thus being 0.15-in. by 3'/-in. which 
accounts for the camera’s name. Developed by the Bell 
Laboratories to gain knowledge of the behavior of rock-- 
ets during the early part of their flight as shown in thé 
séries of pictures below of a 4!/2-in. rocket, the camera 
(at right) is ingenious in design and applicable to the 
studies involving relatively straight-line motion. 

One of the’novel features is the shutter arrangement 




















shown in the sectional view at left. | 

sists of two concentric drums which are} 
tated in the same directions but at sligi 
different speeds by a single constant-spg 
motor. In each drum there are wide sl 
four in the inner and five in the outer, | 
slots in both drums are 40 degrees wide,! 
the solid sectors are 50 degrees in the im 
and 32 degrees wide in the outer drum. | 
cause of the difference in the number 

spacing of the slots and the difference in! 
speed of the drums a wide gap at the i 
side and a narrow gap at the film side 
the shutter will appear after each qua 























m of the -aner drum. Thus the shutter is opened and closed four 
es for each revolution of the inner drum. The 0.15-in. slit is mounted Subassembly construc- 
alight shield between the outer drum and film. tion for the flight engineer's 
The film has a continuous speed and moves from 0.002 to 0.010- panel above on the §85-ton 
®. during the short exposure time. To prevent blurring the image, JRM Mars airplane allows 
‘our optically flat glass plates are attached to the inner drum as workers to perform four times 
hown. Thickness of the plates is chosen so that the refraction of the as much work per man with 
Mcht rays downward as the drum rotates approximates the film mo- less effort than when the 
ion during the exposure. panels were assembled in the 





Constant speed at rated maximum engine out- 
ut is maintained by the automatic propeller 
bitch control shown at right. Developed by Wick- 
ie Spencer Aviation Corp., no auxiliary power 
quipment or manual controls are involved in this 
pmpensated design. Adjustments are provided to 
balance the speed against the engine torque. This 

eectionship remains constant thereafter throughout 
conditions of airplane flight, the engine torque 
cling to decrease the pitch and the centrifugal ac- 

- i of the blade tending to increase the pitch with 

wecredse in speed. 

% As torque and speed are independent of aerody- 
omic considerations this control is independent of 
mspeed and air density. Changes in engine pow- 
developed, however, will reflect in speed change. 

¥ Nhe engine is throttled the speed will be reduced 
peccuse the horsepower is proportional to the cube 

+ the speed. Likewise, if the power is decreased 

wittue of reduced air density the speed will de- 

pease. Referring to the sectional drawing, drive 
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“Je "tough the ball arm and its socket to the pro- 


. 


si 
x4 ' 
Beiic 


<¢ Torque of the socket arms acts to decrease 
> tpitch. Simplicity of this design, and its depend- 
lity on only torque and speed for automatic ad- 
ment provides a lightweight pitch control. 
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ship. By applying techniques of 
familiar mass production meth- 
ods, designers and engineers of 
the Glenn L. Martin Co. evolved this 
easy and improved method of 
assembling. The instrument panel 
is composed of a center and two 
side-wing sections, with the fuel sys- 
tem controls and water separators 
at the left, the operational master- 
switch panel at the right, and the 
center section containing 3! gages 
and meters. When instailed in the 
ship, two thousand two hundred 
wires of various sizes are connected 
to terminals at the back of the panel. 
These wires, which total a distance 
of more than two and one-half miles, 
are coded by number to match the 
terminal numbers on the panel, pro- 
viding ease and accuracy in con- 
necting. 


High-frequency ignition sys- 
tem for aircraft engines reduces the 
menace of fouled spark plugs and 
insures engine performance at ex- 
tremely high altitudes. Also the sys- 
tem. provides gieater engine out- 
put, increased spark plug life, re- 
duction in radio interference and 
savings in weight. Developed by 
P..R. Mallory Co. Inc. with the sup- 
port of the Army Air Force, Air 
Service Technical Command and 
engine manufacturers, the system is 
shown schematically below and in- 
stalled on a Pratt & Whitney engine 
at right. 

In this new distribution system, 
low voltage of approximately 1200 


volts is generated in a magneto and distributed through shie! 
leads to the spark plug. At the manifold ring the low-freque 
energy of the magneto is converted to radio-frequency ene: 
by an impulse type frequency converter. At the spark plug 
low-tension high-frequency energy is stepped up to por 
mately 10,000 volts by a small transformer hermetically ge 
in the well of a standard aircraft spark plug. 

Weight reduction of 10 pounds or more per engine js y 
sible over conventional ignition because of the !ow level of a 
trical energy required of the magneto. 
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Their Influence 


On Design 


By Roger W. Bolz 
Assistant Editor, Machine Design 


Part ll—Spinning 





ANUAL metal spinning, though firmly entrenched as a valuable small-volume 
z production process, is in a large measure the work of a skilled craftsman rather 
than the mechanical output of a highly automatic production machine. Some- 
what less versatile but well adapted to a great many unusual forming jobs, automatic 
mechanical metal spinning rounds out the process possibilities to include large-volume 
applications. An almost unlimited variety of circular shapes can be produced by man- 
ual spinning on solid or collapsible forms of wood or steel and even “on air.” Where 
nonstandard shapes subject to continuous change, parts for research projects or com- 
ponents for experimental machines are required, manufacture by manual metal spinning 
—wholly or in part—is often the most economical and many times the most satisfactory. 
This is especially true in cases where odd conical parts, exact parabolic contours, ex- 
tremely large diameters, and special types of material are specified. 
Repetitive production of machine parts by manual spinning is a quick and, as a rule, 
an inexpensive operation for not only are the necessary forming tools of simple construc- 
tion, but the usual hard wood forms are low in cost and readily reworked or otherwise 
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Spinning of oval or elliptical parts is Possible op 
cial machines designed for oval work, but such pm 
general production are often impractical or too expan 
For economical and efficient adaptation to the pas 
is readily apparent, therefore, that the general ful 
parts contemplated should be round, concentri¢, 
drical, hemispherical, conical, or a part or segment he 
shapes. Sizes of parts which can be handled on of 
spinning lathes available today range from %-in, jpg 
where around 120-in. in diameter. Practically any) 
of sheet metal that can be formed or deep drawn @ 
spun. The most common of these are commerciallys 
aluminum, pewter, steel, copper, brass, tin, zine, andi 
silver. In most cases, at least at present, spi ning. 
softer metals is limited to gages up to %-in., lows 
steels up to 3/16-in., cold-rolled steels up to 5/ 
stainless steels up to %-in., and nickel alloys up to J 

Any of these metals that can be spun can also e 
after perforating. Even expanded metals can be hia 
with good results when required. Spinnings haved 


ys 


a 


Fig. 2—Above—Machine pulley mechanically spun 
steel on a special automatic machine uminul 
nning’ 
gs, sha 
ys, ete 
food 
ik pre 
ndry « 
ged, 
pered 
nstruc’ 


Fig. 3—Below—Stepped cover, tank, tank cover, andf 
of this milk irradiator are spun from stainless sieel 





Fig. 1—Above—Spun metal tail section of an airplane 
72 in. long and 40 in. in diameter. To accommodate the 
internal mechanisms the unit is made in four parts 


changed to suit new developments in design. The ad- 
vantages of manual spinning, therefore, lie in the speed 
and economy of manufacturing small-volume and special 
parts, Fig. 1, where tool and die costs for other forming 
methods are prohibitive. Cost comparisons show that pro- 
duction quantities are normally limited to 1000 pieces or 
less, especially for parts where design changes are not con- 
templated. If a 5000 to 10,000 piece order is to be filled, 
frequently the cheapest and most satisfactory process 
would be mechanical spinning, stamping or drawing. 
However, a great many composite parts such as the ma- 
chine pulley shown in Fig. 2, because of the quantity, size 
or design, lend themselves best to production by spinning. 
Large-volume manufacture of these and similar parts is 
usually by means of automatic mechanical spinning rather 
than the manual method. Thus, the process, manual or 
mechanical, finds ready application in many phases of 
production. 
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| #-Above—Commercial centrifugal laundry dryers 
oe lilize many parts produced by manual spinning 

od in fabricating odd-shaped covers, venturi tubes, 
ymission housings and crankcases both in steel and 


Boinun by cutting and welding together segments of 


mings or by welding spun sections to stampings, cast- 
ys, shapes, etc. Spun tanks, floats, shields, dust covers, 
3, etc., of aluminum or stainless steel are used widely 
food machinery, bottle filling equipment, automatic 
processors and irradiators, Fig. 3, and commercial 
ndry equipment, Fig. 4. Aluminum tubes may be flared, 
ged, have the ends rounded or closed and sealed or 
peted for a great variety of parts required in aircraft 
truction. 


Unusual Shapes Practical 


Intricate shapes or parts which cannot be spun man- 

on an ordinary open chuck (spinning block) often 
nbe produced on a two-piece, on a sectional or on an 
enter roll chuck, Fig. 5. Work such as that shown in 
9 is first either spun or drawn to a plain cylindrical 
ape Or cup and then mounted for the final inside spin- 
hg, bulging or necking operations. This procedure pro- 
“a practical method for obtaining unusual shapes 
mbining expanded and reduced circular sections. 


Desicn: Many of the important factors incident to good 
paning design closely parallel those for stampings or 
#arawn parts. These important points include ma- 
mal thickness, bend radii, depth of spinning, diameter 
M steps in diameter, and workability of the material. 
mital shapes and variations illustrated in Fig. 6 are 


ik bly the forms reproduced most easily on the metal 


ling lathe. Hemispherical shapes illustrated in Fig. 
wésomewhat more difficult to produce, especially in full- 
pth parts. Cylindrical or cup-shaped pieces, Fig. 8 are 
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Fig 5—Off-center roll spinning for bulging and necking 
operations obviate need for collapsible forms 


the most difficult of the simple shapes. Plain cylinders 
can be produced in small lots if sufficient wall thickness is 
allowable to provide enough metal to work. Diameter and 
length of cylinders must be balanced with the metal gage 
to assure minimum wall thickness variation. Oval parts 
can be spun with a difference between the major and minor 
diameters of 10 in., maximum. The major diameter of 
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simple elliptical shapes is limited to about 70 in. on shal- 
low work and 54 in. on deep work. 

With deep-spun parts requiring a great deal of work- 
ing, metal strain or cold working is the greatest and de- 
pending on the properties of the material, spinning to full 
depth requires a number of partial breakdowns with ac- 
companying intermediate annealings. Fig. 9 shows such 
a breakdown sequence for a dished head spun from heavy 
steel. In a plain deep drawing steel, a head of this type 
can be spun economically from No. 10 U. S. gage stock 


TABLE I* 


Spinability Ratings in Various Groups of Metals 


Group A—Aluminum Alloys 


Group B—Copper and Copper Alloys 


Admiralty Brass 
Ce tS ite es 
Commercial Bronze (Gilding Metal) 
Copper (Cold rolled annealed) 
Copper (Hot rolled) 
MP 5 CORA Ge a SOC eee eben 
High Brass (Yellow spinning) 
Low Brass 


I a tS ois hw one os ovcmcin® 
Nickel Silver (Up to 30 per cent .......... 
Phosphor Bronze (5 per cent-soft) .......... 
I emia esr ea i ig es o Xi pid 
Silicon. Bronze (ASTM B97-41 type A) ...... 
Silicon Bronze (ASTM B97-41 type B) 


Group C—Steels 


Cold Rolled Deep Diawing 
Enameling (Extra deep drawing) 
Annealed Zinc Coated Low Carbon 
Galvanized Sheet .. 
Hot Rolled Pickled Drawing p 4 
Hot Rolled Copper Bearing ............... 51 
Oe rer eer F $1 
Lead Coated (Long Ternes) impractical 
Manganese Silicon High Tensile 15 
High Carbon (40 per cent and up) ......... 


+ Ge Da impractical 
impractical 
80 


Group D—Stainless Steels 


AISI-302 
AISI-304 
AISI-316 
AISI-347 
AISI-430 


Group E—Nickel and Nickel Alloys 


Incone 
Monel (Cold rolled deep drawing) ......... 
Monel (Standard cold rolled) .............. 
Nickel 


*The unit 1.00 is given the material in each group which lends itself 
most readily to forming by the cold metal spinning process. Ratings are 
indicative only. Courtesy Milwaukee Metal Spinning Co. 


in diameters ranging anywhere from 15 in. up to about 
84 in. On the other hand, it is impractical to attempt the 
same shape from this gage material, say in a 2 in. or 3 in. 
diameter. A lighter gage of the same stock—No. 16 U. S. 
gage—would be a practical limit. 

The area of blank stock for a spun part should as a rule 
be approximately equal to the surface area of the finished 
part. Normally the stock decreases somewhat in gage or 
thins out during the processing and naturally increases the 
stock area. This increase in area will usually provide suf- 
ficient metal for trimming, flanging, rolling or wire beading. 
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Fig. 6—Above—Conical shapes are simplest to 


Fig. 7—Below—Hemispherical shapes present no 
until full depth parts are required to close to 


10- 


g. 11- 


Fig. 8—Above—Most difficult to reproduce of the siti 
shapes are cylinders or cup-shaped parts ~ 


Fig. 9—Below—Breakdown sequence for a dished i 
spun from deep drawing steel sheet 


+ Second breakdown 


First breakdown 


5m 
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10—Above—Outside bead shown ata should be used 
fe possible to eliminate special form for inside bead 


y. 1I—Below—Simplest form of plain flange shown at a, 
cial squaring form b, plain inside flange at c, and 
form for exacting inside flange at d 
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Where parts require a strengthening bead or wired roll 
over the edge, the most economical form is the outside bead 
as shown in Fig. 10a. The inside bead, as in Fig. 10b, 
entails a greater cost since it involves the use of an extra 
form and a special setup. Similarly, the outside flange, 
shown in Fig. lla, is the simplest type to reproduce. If 
the flange angle can vary from an exact 90° by plus or 
minus 1/16-in. at the outer edge, a special or squaring 
form, Fig. 11b, to remove the metal springback is not 
necessary. Where an inside flange is required, Fig. 1lc, 
tooling requirements are about the same as that for the 
perfectly squared outside flange, assuming liberal depth 
and diameter tolerances. However, if such an internal 
flange must be exact in diameter and depth, a more com- 
plicated sectional form, Fig. -11d, must be utilized. 


Streamlined Curves Advantageous 


Streamlined or smooth curves and large radii are an aid 
both to manufacture and improved appearance. Stepped 
sections can be much more easily produced if conical steps 
with large radii are specified, Fig. 12. Inside form radii 
of %-in. minimum can be held with practically any metal. 
More generous radii, however, simplify the production 
problems, especially with metals which work-harden rap- 
idly. In hot-working magnesium, the minimum inside ra- 
dius possible without cracking is usually limited to about 
twice the sheet thickness. However, specifying maximum 
allowable radii wherever possible simplifies production 
considerably. 

MATERIALS: Besides the common softer metals which 
are easy to spin, less ductile materials such as stainless 
steels, aluminum alloys, bronzes, nickel, Monel, Inconel, 
steel alloys, and high carbon steels can be successfully 


TABLE II* 


Comparative Spinability Ratings of Metals 
Sodom (Type 2S-0) 


inc . he etd a 
Steel (Cold rolled deep drawing) 
Copper (Cold rolled annealed) 
i. 

Stainless Steel (AISI-347) 


*Compares the -nost satisfactory metal in each group. Ratings are 


indicative only. Courtesy Milwaukee Metal Spinning Co. 


handled by gradual breakdowns and intermediate anneal- 
ings. Number of breakdowns, Fig. 8, is entirely depend- 
ent upon the rapidity with which a particular material 
work-hardens in processing. Magnesium, unlike the other 
less ductile materials, can only ‘be spun in small amounts 
and extremely shallow shapes while cold. However, spin- 
ning is successfully accomplished by working the material 
at a temperature of 450 to 600 F. Wooden forms or chucks 
are satisfactory for a few pieces, but if larger quantities 
are required, the cost per piece increases because metal 
chucks (usually cast aluminum or magnesium) are neces- 
sary to withstand the heat. Magnesium sheet .032-in. 
thick by 36 in. in diameter has been hot-spun into para- 
bolic propeller spinner cowls 16 in. in depth by 24 in. in 
diameter at the base, indicating the wide range of possi- 
bilities with this material. As a general rule, if proper 
heat can be maintained during the processing, the size 











and gage limitations of magnesium are comparable to that 
of the other light sheet metals. 

In wiring—beading a wire into a rolled edge—Fig. 13, 
use of a wire of the same analysis as that of the material 
from which the spinning is made is advisable. Otherwise the 
wire must be protected by some form of coating to pre- 
vent galvanic corrosion or precipitation action. Where 
steel wires are used in conjunction with other metals, espe- 
cially stainless steel, present practice is to tin the wire and 
solder seal the bead. Full data on galvanic corrosion of 
various combinations of metals can be found in the “Ma- 
terials Work Sheets” which appear each month in Ma- 
CHINE DESIGN. 

To indicate the relative spinning characteristics of va- 
rious metals, a good overall comparison, TaBLE I, is in- 
cluded. The rating 1.00 is given the material in each 
classification which is best suited and lends itself most 
readily to forming by cold metal spinning. The lower the 
rating, of course, the higher the production cost. Figures 


are based on actual experience and will vary somewhat 
with design, size, metal gage, handling, etc. In Taste II 
the ideal materials of each group are rated in the same 
manner to show comparative adaptability. Here again 
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Fig. 14—Below—Spun from 16-gage steel, this dust shield 


is representative of close tolerances held on fitted parts | 
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Pulley Dust Shield 
















variations will be found owing to the characteristies 
tioned above. ee 
A great many other less widely-used metals can be g o 
but are only specified in unusual cases where special pe © 
erties are necessary because of the special handling qa 
nique required and the high material cost. These ing | by 
gold, silver, platinum, kovar, invar, ilium, and brity { 
or white metal. | 
ToLerANceEs: During the spinning process the dey 
ness of the metal decreases depending in most cases ; 
the ability of the spinner to control the flow of metal 
good average for reduction in thickness at the edge 
deep spun cups is about 20 per cent. In other words 7 
retain a minimum wall thickness of No. 16 VU. §. 7 oe 
the original sheet should be one of the next heavier gyiZe 
depending on the amount of reduction which varies whe 
different shapes, materials, sheet thickness and mg 
tempers. Likewise variations in wall thickness—yyih 
less than 25 per cent on good commercial quality gig 
nings—are dependent upon both the material and 


spinner. Some materials, with proper handling, can 
held to within 10 per cent of the original gage. 


Gage Variation Affects Tolerances 


An excellent example of this effect of gage variation 
tolerances is the spinning of a full 24 in. inside dia 
hemispherical jacket such as that shown in Fig. 7 fo 
stainless steel with a minimum wall thickness requireme,y _ 
of No. 14 U. S. gage. Reduction in thickness at the ed&/Gy 
of this shape proved to be such that a No. 10 U. S. gag 
stock was necessary to assure the required minimum wa 
thickness. This heavy gage stainless is still beyond t 
capacity of most spinning lathes and thus the part was nd 
practical. However, a No. 11 U. S. gage plain deep draw 
ing steel substituted for this part brings the job into ti™ 
ordinary commercial spinning range. e 

Notwithstanding these normal variations in materia"8 
thickness, unusually close dimensional tolerances can bf* © 
held on fitted work whenever it is found necessary. Outf PO 
side diameter tolerances of plus or minus 1/64 in. aq” 
commonly held on small work, plus or minus 1/3240. 7 
medium sized work, and about plus or minus 1/16+n. a e 
large sizes. ‘Tolerances of plus or minus 1/64-in. af =f 
where essential, generally possible for any sized part with & ‘ 
out affecting the cost unduly. Less economical, but e w 
tirely within the scope of the process, tolerances of plus or Fron 
minus 0.005-in. can be specified and held. Fig. 14 iS Mpcers 
good example of a fairly large dust shield where such 
tolerances have been successfully held in production. 











Tolerance requirements naturally should be as liberal affg. 
ets 


is practicable on overall length or depth as well as 0 
flange squareness as noted previously. However, on lengt 
or depth of spun machine parts, a maximum variates . 
plus or minus 1/32-in. can be held and on occasion, WHS 
the design permits, even smaller tolerances can be mail 
tained without excessive difficulty. % 
Collaboration of the following companies in the preps 
of this article is acknowledged with much appreciation: #6 
rum Company of America; Benson Mfg. Co. ( Fig. 1); E 
Bliss Co. (Figs. 5 and 13); Milwaukee Metal Spinning ? 
(Figs. 4, 6, 7, 8, 9, 10, 11, 12, and 14); Glen L. Martin be: 
National Carbon Co. (Fig, 3); Republic Steel Corp.; Spun 
Corp. (Fig. 2); V. E. Sprouse Co. 
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eyond ¢ ECESSITY for increasing specific — 
rt was nd _ horsepower output, or of recovery 
eep draw of original sea-level horsepower at — 
» into tyeuntain altitudes, forces the supercharger 


fo front-line consideration. _ The . super- 
- materi@@@tger has become an essential for gaso- 
15 can bee engines in aviation because the loss 
ry. Out} Power due to altitude, and consequent 
34.in, anfWering of ambient barometer, is much 
99-in, of Pronounced than for any ground 
16-in, osftticle. 
4-in, areg 0 order to fool the engine into think- 
art with#'s it is still working at ground-level, a 
but enfercharger with a compression ratio of 
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of plus mo a paper presented at a recent meeting of the 
. 468 or section of the Society of Automotive En- 
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8.5:1 must be provided to do the “kidding” at an altitude of 50,000 ft. 
For a mountain pass at 15,000 ft, a ratio of 1.8:1 is required for a 


nonsupercharged engine. If the engine is supercharged to an 8-lb boost 
at sea-level, it would require a ratio of 2.8:1 for full power at 15,000 ft. 

The two major classes of superchargers are: Centrifugal or axial 
turbine types in which delivery pressure, or rather pressure ratio, is 
dependent on intake absolute pressure and rotative speed with no fixed 
delivery volume; and positive displacement types in which pressure is 
not determined by speed, volume delivery of free air is a runction of 
rotative speed, and volume of compressed delivery air is a function of 
speed and pressure ratio. 

Positive blowers can be divided into two types: Adiabatic com- 
pression and backflow compression. The familiar Roots class of blower, 
Fig. 1, is a backflow compression device in which there is no change 
of volume of the charge in the impellers, and consequently no com- 
pression. The charge is delivered to the discharged side, at substan- 
tially intake pressure, and must be compressed by a backflow of pre- 
viously delivered air. 

The vane-type supercharger, the Elliott-Lysholm screw type, and 
the writer’s internal-gear type, all can be arranged for a true adiabatic 
compression. These compressors show good possibilities for the higher 
compression ratios that will be required. 

Centrifugal or, lately, axial-flow turbine compressors are just like 
fans and centrifugal pumps in general characteristics, i.e., at constant 
intake pressure, delivery pressure is largely controlled by speed. For 
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Fig. 2—Above—Overall efficiency versus speed for a 
Roots-type blower producing different barometric pressures 


Fig. 3—Below—Cross section through typical vane-type 
supercharger, the volumetric efficiency of which is notice- 
ably poor. Internal lubrication is required for vanes 





example, if a centrifugal were applied to a truck engine, 
designed for 8 psi boost at top speed of 2000 rpm, at 
1000 rpm the boost would be only one quarter, or 2 psi. 
The reason the centrifugal has had such wide application 
for aviation engines is that usually the airplane requires 
boost only for speeds between cruising and take-off. Since 
cruising revolutions per minute usually are about 85 per 
cent of take-off (maximum), the boost can be about 72 
per cent of maximum. This is satisfactory for airplanes, 
as economy rather than power is required at cruising 
speed. Moreover the kinetic supercharger, either radial 
or axial, is a very simple machine. But for ground ve- 
hicles, the direct-driven centrifugal is almost useless. It 
is possible that a constant-speed drive could be used, 
independent of engine speed, for example an exhaust- 
gas turbine, controlled by gating; in which case con- 
stant boost could be maintained at most engine speeds. 
The penalty is that the supercharger would be consider- 
ably off its best efficiency at other engine speeds than 
that for which the blower was designed. 

Efficiency of the supercharger is of considerable im- 
portance, since lower efficiency means more parasite 
horsepower from the engine to get the same boost. An- 
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other effect is that of efficiency on temperature of § 
delivery air. All rotary superchargers put neatly 
of their losses into delivery air, along with the comp 
sion heat, as increased temperature, which reduces { 
density of the charge. For spark-ignition engines, dey 
ation limit is obviously lowered by increase of manifj 
temperature. In the diesel, this effect does not oon 
but the rise of temperature resulting from lower bly i: 
efficiency raises all temperature through the epg 
cylinder. i rs 

An examination of the data on all sizes and kinds a 
superchargers would fill a book, so the capacities fy ploy 
350 to 500 cfm have been selected as being in the midh. d 
of the present range of interest. The Roots-type blow diti 
shown in cross-section in Fig. 1, is made in detail mo ag i 
fication by several manufacturers. The two-lobe f th g 
is the original arrangement, but some builders like { Fig. 
three-lobe form because it curtails pulsations. The twibefect 
lobe form has four approximate sine wave delive gal 
charges per revolution, the three-lobe six. Fr 

As is common in rotary pumps, the manufacturers why ¢ 
a long face rotor for lower pressure range—in this cahdely 
5 psi—and then simply cut the length of the face {@ 
higher pressures so as to keep the bearing loads the sang 
Thus, the same end plates, bearings and pilot gears cz 
be used for two sizes, the only change being length 
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Real Slip a Function of Pressure Difference ly 

is si 


In the Roots-type blower delivery follows spec cer 
closely. It should be pointed out that real slip in rotambienc 
compressors is almost exclusively a function of pressulhry 
difference, since viscosity of air does not vary much uth ger 
der the temperatures involved, and speed does not havfse \ 
a direct influence. But there are two indirect effecthoul 
that alter the apparent slip. fect: 

There are dynamic losses in entry and discharge; th do 
centrifugal force of the air in the impeller pockets opfices. 
poses the inflow, and there are other impact and frictiomfearh 
losses from the air diving around corners to fill thestive | 
pockets of continually changing shape, the result beingut it 
a very tumultuous flow. As a consequence, the air ac$ppro 
tually trapped in the pockets to be transferred to the Shc 
discharge is at a lower absolute pressure than at inletBcrew 
therefore the apparent delivery in free air is reduced ficien 
Further, all rotaries except the vane type have som ach 
clearance volume—the rotor shapes do not permit fomp 
zero clearance. Therefore the discharge-pressure % An 
trapped in the clearance re-expands into the suction sidefhe | 
just as in a reciprocating compressor, and cuts down th mal 
effective displacement. The net result of these conditionsPver: 
is that the apparent slip, as measured by difference be as a 
tween free air delivery at inlet and displacement, infhe 
creases noticeably with speed. The Roots type § ® he 
good blower for low pressures not exceeding, Say, rouh 
pressure ratio. Above that, it fades badly. Fig. 2 showsfesig 
overall efficiency of the Roots type. Bo 

A vane-type supercharger. is shown in Fig. 3 (an ie re la 
lish: design). Althovch, as pointed out previously, _" 
tvpe can be arranged easily for full adiabatic — is 
sion, in this example it does not appear to be laid outRines 
for more than r=1.1. The volumetric efficiency bo 
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‘ture of ably poor. Overall efficiency 
_“hearly @hown in Fig. 4. 

© compiipecause of the nature of cen- 
reduces { gal superchargers, plots of ef- 
ines, det ency against constant speed, 
of manifil ing pressure, or constant pres- 
Not oom, varying speed, are of no 
wer blowiine, The plot generally used is 
the eng ing speed, pressure and deliv- 
- at best efficiency, which usu- 
ad kinds js accomplished in testing by 
acities ploying a thin-disk orifice on 
the midi, discharge line. Since this 
ype blowg dition is practically what ob- Fig. 4—Above—Curves show overall efficiency versus speed for a vane-type 
supercharger. Efficiency is inferior to that of the Roots type 
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letail mif,s in application to an engine 
“lobe fom geared drive, the plot shown 
ts like Fig. 5 is satisfactory. But it is Fig. 5—Below—Data on centrifugal superchargers with 9-inch impellers. Overall 
The tw ectly obvious that the centri- efficiencies were obtained from several commercial designs in this size range. 
e delive gal would not be of much use Performance of centrifugal superchargers is greatly affected by their size 
ba truck engine, where reason- 
cturers why constant boost is wanted at 
1 this idely varying engine speeds. 
e face fi 
s the sang 
gears c 


length In Fig. 5, a low of 50 per cent 
erall efficiency, found in several 
mercial designs, is shown. 
nce ly one reached 70 per cent in 
is size range. It is a fact, just as 
Ws spe centrifugal pumps, that the ef- 
) in rotatiencies of various designs can 
f pressuihry over an appreciable range. 
much uh general this is not so much the 


High Efficiency 
2 ea, 


Overall Efficiency + 


Efficiencies Vary 


ure (psi) 


Low Efficiency 
oe 4 


Press 


| Dischorge Temperoture 


Differential 


not havise with the positive blowers. It Differential 
ct effecthould be observed also that size : | (Preasere 

fects kinetic devices more than “t 00  B000 12000 16000 20000 24000 2800 
arge; th does positive displacement de- . Speed, (rpm? 





ckets opfices. It is relatively easy to make 
d frictiogearly as efficient a 300 cfm posi- 
fill thesfive blower as one of 1200 cfm, 
ult beingut it is a tough job to make a small centrifugal blower 
1€ aif a#pproach a big one. 
od to th Shown in Fig. 6 is the shape and arrangement of the 
at inletfrews in the Elliott-Lysholm supercharger. Overall ef- 
reducedfciency for a 500 cfm units is shown in Fig. 7. The 
ve some achine for which the efficiency was plotted had a fixed 
ermit fompression ratio of 1.3. 
ssure by Another design, similar in general characteristics, is 
tion sidefhe P. L., supercharger developed from the writer's in- 
lown ifemal-gear pump, shown cross-sectionally in Fig. 8. 
onditionPverall efficiency is shown in Fig. 9. The supercharger 
ence be &s a fixed compression ratio of 1.68, which accounts for 
nent, ¢ sharp fall-off in overall efficiency at 2.5 and 5 |b. Fig. 6—Shape and arrangement of screws in Elliott-Lysholm 
ype 8 Bhe blower is then overcompressing considerably, and supercharger which offers a large flat efficiency range 
say, Llfould perform more like the higher pressure lines, if 
2 show$esigned for say r= 1.3. 

Both the Elliott-Lysholm and P. L. superchargers can Summing up, the centrifugal supercharger is struc- 
(‘an Eng e laid out for any reasonable compression ratio, to suit turally simple, but is not adapted to furnishing approxi- 
ssly, thisfhe range of pressures on which they are to be used. mately constant boost for an engine at widely varying 
compres Ehis provides a large flat efficiency range. The P. L. speed. It has had an entirely justifiable growth in use 
laid out mMercharger described was intended for use on 8 to 18 for large stationary diesels running at constant speed, 
y is DOB bost. because it can be adapted to such cases. Its efficiency 
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is much improved by size. One objection to its use on 
road vehicles is the high rotative speed combined with 
small shafts and bearings. 

The Roots blower is a simple, sturdy device, well 
adapted to the needs of road vehicles, and has had a 
good development for both diesels and spark-ignition 
engines. But it is limited in pressure range, being satis- 
factory up to 7.5 psi and usable at 10 psi, but no higher. 

Vane-type superchargers have had a little development 
in Europe but none here. They do not, in designs so 
‘ar developed, show efficiency as good as the Roots type, 





Fig. 7—Above—Overall efficiency versus speed of an 
Elliott-Lysholm supercharger developing various pressures 


Fig. 8—Below—Cross section through P.L. supercharger 
which is a modified type of internal gear pump 





and in general have more bearing surface to be lubricated 
and more complex design. There are ten ball bearings 
in the design of Fig. 3, two for each vane and two for 
the main shaft. Internal lubrication, required for the 
vanes, definitely is objectionable for a diesel. If the 
vane type is to succeed, it will probably need a con- 
siderable increase in number of vanes. 

Best efficiency of any development so far is offered 
by the Elliott-Lysholm. It is simple and can be operated 
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at high speeds if desired. While the development » 
a period of ten years took place mostly in Sweden, y 
understand it is about ready for production here. 
As for the P. L. supercharger, it has had little devel 
ment, but shows excellent possibilities. The fact 4, 
the first model showed overall efficiencies of 64 ,, 
cent at 10 psi in a 320 cfm size is sufficient justificas; 
for presenting it. This type also does well at high spec 
All of the positive displacement blowers cap 
matched to engine demand fairly well, as the engine 
also a positive displacement device. But since, in a4j 
tion to inlet losses, similar to those in the induction gd 
of the engine, the blower has a considerable slip fry 
the pressure difference, the delivery of the blower dy 
not match the engine demand at constant boost preg 
at all speeds. What happens is that the boost wil] 
just to match the delivery of the supercharger to { 
displacement of the engine. Since what we are after 
maximum brake mean effective pressure at full thro 
the pressure inside the cylinder should be const 
Therefore the manifold pressure, or boost, should j 
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Fig. 9—Overall efficiency versus speed of a P.L. supes 
charger developing various pressures 







crease with speed. An engine designed for 8 psi boost #ffowe 
maximum speed of 2400 rpm would require only aboutfith 
6 psi at 1000 rpm to get the same pressure in the Ce parts 
inder. The positive blowers can meet this situatogment 
quite well, but a high volumetric efficiency is alwaysful d 
desirable. All the above is based on full throttle. Fo Be 
part loads at any speed, the output can be reduced ? hae 
spark-ignition engines by throttling the suction side olprati 
the blower. ne 
For the diesel, this expedient is not necessary, 4% thefecor 
injection takes care of the situation completely. Fo and 
stationary diesels at constant speed, the centrifugal wil d 
continue in a favorable position. For automotive varemista 
able-speed operation, the Roots does well at the lowetfia 
boosts, but for the higher pressures likely to be 
the Elliott-Lysholm and the P. L. gear type, should se 
better than any design so far offered. 
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RDINARILY, precision machines re- 
quire precision parts. In the modern 
business recorder shown in Fig. 1. 
i boost affowever, precision performance is achieved 
aly abouvith the use of mass-produced, commercial 
| the cyHparts. As might be expected, this achieve- 
situatioqnent has been the result, primarily, of care- 
s alwaysful design, 

tle. Fo Basic requirements of a modern business 
duced mfecorder include: Simple and foolproof op- 
side Ofration of both the recording and reproduc- 
8 equipment; low record cost per unit of 
y, as ding time; compact, durable and easily 
ly. For dled records that can be logged, filed 
ugal wittd mailed; various conveniences such as 
‘ive vaMmistantaneous start-stop, instantaneous step- 
he lowetfhack, logging systems, and comfortable 
be usepstening devices for the reproducing ma- 
ild servPhine used by the typists. 


majority of instantaneous recorders 
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a Achieving Precision Performance 


With Low-Cost Parts 











Fig. 1—Precision per- 
formance has_ been 
achieved with low-cost 
parts in this modern 
business machine 






By R. L. Stone 


Chief Engineer 
The SoundScriber Corp. 
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Standard /00 line cut phonograph record 


Fig. 2—Comparison of cut and embossed types of recording grooves. 
Embossed grooves are more closely spaced, create no chips 





















































































































Modulated 


use the cutting process. In this, a thread or chip is removed from 
the record just as is done in a lathe or other type of machining opera- 
tion. Examples are the wax-cylinder type of dictating machine and 
the acetate-disk type of recording machines. In these, stylus pres- 
sures, stylus angles and stylus renewal, together with the thread re- 
moval problem, are factors that must be given careful consideration. 
To eliminate various inherent difficulties associated with these 
factors, the machine herein discussed was designed to produce the 
sound groove by embossing rather than cutting. In the embossing 
process a permanent, diamond recording stylus is used. Diamond 
angles and stylus pressures are uot critical and of course no chip or 
thread is removed from the disk during recording. A comparison of 
cut recording grooves and the embossed type is pictured in Fig. 2. 


Advantages Offered by Disk-Type Record 


The decision to use the familiar disk-type record was based on the 
utter simplicity of handling a disk, the speed with which it can be 
changed, its permanence, filability, mailability, and compactness. 
To achieve minimum cost of this recording medium in terms of cents 
per hour, it was essential to depart in many respects from conven- 
tional practices used in phonograph recording. In the first place, the 
turntable speed chosen was 33 revolutions per minute as compared 
to 78 revolutions per minute on conventional phonograph records. 

Secondly, the spacing of the grooves was changed from the 
standard commercial spacing of 100 lines per inch to 220 lines per 
inch. Third, the thickness of the record adopted was 0.010-inch in- 
stead of the standard thickness of about %-inch. Because of the ex- 
tremely close groove spacing used, the record (7 inches in diameter) 
plays for fifteen minutes on each side compared with approximately 
five minutes on each side for a twelve-inch diameter record of the 
familiar phonograph type. As a result of this long playing time on 
a small record, both compactness and the desired low recording cost 
per hour have been achieved. 

The embossed sound track or groove employed with this system 
has a width of 0.003-inch and a depth of only 0.0004-inch. Thus it 
is essential that the shape of the diamond stylus be held to truly 
microscopic tolerances if the uniform shape of groove essential to 
good playback tracking and quality is to be maintained. Center-to- 
center distance between adjacent grooves is 0.0045-inch and, since 


the groove width is 0.003-inch, it will be apparent that permissible — 


sideways undulations of the recorded grooves are restricted to swings 
on the order of 0.001-inch to either side. Excursions of this magni- 


tude represent the maximum recording volume that can be put on 
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Fig. 3—Above—Embossed grooves 
microscope. They are 0.0045-inch centerihe 
center, 0.003-inch wide and 0.0004- inch¢ 


Fig. 4—Below—Drawing of primary mechani : 
units of machine shows how flexible coupli 
and spring suspension isolate motor vibrati 
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disk without having the sound from one groove inter- 
swith that from the next. Spacing of the embossed 
eves as they appear modulated, over-modulated and 
sdulated, is clearly shown in the microphotographs 


g, 3. 
™ extraneous vibration present in the machine, from 
ever source (such as the turntable driving motor), 
jwill register in the groove and be heard on playback 
pbjectionable noise. Therefore, insofar as possible, all 
ations must be kept from reaching the turntable. Again, 
ions in the spacing of adjacent grooves on the order 
) per cent (0.00045-inch) would restrict the permis- 
excursions of the recording stylus by approximately 
per cent. Thus it will be seen that the mechanism 
th feeds the recording arm across the disk during re- 
fling must be extremely accurate, with irregularities of 
d being held to less than 0.0004-inch. 


How the turntable and recording-arm drives are de- 


ble, comprise a balanced, mechanical vibration-filtering 
stem. Surprisingly enough, the high-precision feed of 
He recording arm is achieved without resorting to the em- 


ployment of ultraprecision parts such as would ordinarily 
be required. 

By means of a built-in, worm gear reduction unit the 
speed of the motor which drives the turntable is brought 
down from 1650 to 33 revolutions per minute at the out- 
put shaft. Because the reducer is lubricated and sealed at 
assembly, it needs no further lubrication for the life of the 
equipment. 


Coupling Serves Dual Purpose 


As Fig. 4 clearly shows, the output shaft of the motor 
is coupled to the turntable by means of a fabric dual-mem- 
brane coupling which provides the limited degree of 
universal-joint action required between the motor and 
the turntable spindle. 
excellent vibration filter, keeping the inherent vibration 
of the motor from reaching the turntable. To minimize 
the transmission of vibration from the motor to the chassis, 
the motor unit is suspended from the chassis on curvilinear 
flat steel springs. 

First stage of the recording arm drive is the speed re- 
duction effected by the bronze worm gear meshing with 


This coupling also serves as an 
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the worm cut on the turntable shaft. A drive shaft con- 
nects this gear with another worm gear reduction unit. 
The gearbox of this latter unit also contains a worm and a 
large bronze worm gear which is force fitted to a substan- 
tial spindle having a collar that supports the recording 
arm and head assembly. 

Bearing in mind the extreme accuracy demanded of the 
recording-arm feed by the stringent tolerances mentioned 
above, it will be seen that even the slightest amount of 
backlash in the gear train from the motor to the arm 
spindle would be intolerable. Had precision gears been 
employed they would wear in time, so they were not a 
logical solution of the problem. Of course they could 
have been mounted on adjustable centers, but this not 
only would have added to the cost of the machine but 
would have necessitated frequent adjustment by skilled 
servicing personnel. If the drive had been two-directional 
over a limited number of revolutions, it might have been 
possible to eliminate backlash by loading the train with a 
spiral spring. However, since the drive is unidirectional, 
such an expedient was not feasible. 

The design which licked this backlash problem is quite 
simple, added not one iota to the cost of the machine and 
permitted the use of standard commercially cut gears. 
Here’s how it is done: The bottom surface of the large 
worm gear mounted on the recording-arm spindle rides on 
the cover of the gearbox against which it is held under 
pressure by a compressed conical spring. Thus there is a 











Fig. 5—Coil and stylus of playback head are mounted in 
Lucite frame (left). Recording armature is in metal frame 


. constant frictional load on the whole gear train and back- 
lash is effectively wiped out irrespective of the amount of 
wear on the teeth of the gears. 

This frictional-loading principle is further utilized in 
mounting the arm itself to the spindle. While the arm 
must be driven positively by the spindle, it must also be 
designed to permit swinging it across the disk to any de- 
sired position (for example, when the arm is swung back 
to the “start” position for each new recording). Both re- 
quirements are met by mounting the arm on the spindle 
so that its lower surface is pressed against the spindle col- 
lar by the compressed conical spring. The friction between 
the arm and the driving collar is factory adjusted to be 
considerably less than that between the large worm gear 
and the gearbox cover. Therefore, when the recording 
arm is repositioned it will not disturb the gear train and 
will feed instantly wherever it is placed on the disk. 

It will of course be seen that the recording head must 





at times be lifted off the disk. However, while the de 
had to permit lifting the head, lateral movement of 
head, no matter how minute, could not be tolerated 
cause it would interfere with the accuracy of the gp 
spacing. In addition, free laterak play in the recon 
head pivot would permit the stylus to vibrate the 
during recording and result in poor recording of sgh 
This problem was solved by simply fastening the head 
arm together with a thin, flat steel spring, utilized » 
hinge. : 
The recording surface of the turntable is a hard gy ie 
molded bakelite shell (see Fig. 4) which acts as an a oa 
for satisfactory embossing of the thin plastic disks, 
bakelite shell is supported on the heavy die-cast tumye 
(which also serves as a flywheel) by means of a sph) 
rubber ring which further serves to insulate the tub” 
shell from any vibration present in the chassis. 





Refinements Also Required for Playback 















Reproduction (playback) from the embossed, eb 
spaced, shallow grooves similarly involves a number 
refinements and innovations in the reproducing arm 
head mechanism. The playback stylus is a perma 
sapphire jewel, ground and polished to a microscopic 
accurate radius of 0.0018-inch. This stylus is mounted 
an aluminum shank and the shank is cemented into 
extremely light Lucite frame in which is mounted t 
moving coil of the dynamic playback head (Fig. 5). } 
chanical resistance to lateral movement at the stylus 
only a fraction of that of conventional phonograph pi 
ups and this is essential if good tracking of the shall 
grooves is to be obtained. As. a result of this low mee 
ical impedance, weight required on the playback stylus 
satisfactory tracking is correspondingly reduced. 
weight used is approximately %-ounce compared Wi 
three to four ounces on some conventional phonogmag.,.. 
pickups. With this extremely low weight, record wear}, q, 
negligible and the playback arm may be skidded fred... 
across the grooves to any desired point on the record ing. 
instantaneous playback without any harm to the grooves.» » 

The playback arm itself is pivoted on a single harden... 
steel ball and is counterweighted so that minimum M,,, 
tion exists to be overcome by the stylus as it tracks, 
the groove. For the sake of simplicity in positioning! 
pickup to the desired groove, the pickup is not on M,, 
chanical feed, but is fed by the groove just as in the cafent 
of a conventional phonograph. 

Another unusual feature of the playback arm &* 
method employed to neutralize the frictional foree @ 
ated at the arm pivot. This force is effective sidews 
the stylus and, even though it is exceedingly lig! y 
would tend to interfere in a limited manner with t ack 
if it were not neutralized. Neutralization is achieve 
fastening a light tension spring between the arm ame 
bracket so that the pull of the spring just bala ces 
the sideways force created by friction at the pivot. 

In ordinary dictating applications, recorded m 
has to be transcribed to a typewritten page and thet 
has a transcribing machine. This is similar to the re 
ing machine except that it has no recording arm ™ 

(Concluded on Page 178) 
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a ET US say that we have produced a new electric 
ad motor, or a new engine, or a new washing machine. 
Ba fot We bring it to the test floor, put it through its paces, 
ane aT and record everything imaginable, and find that 
ided e device behaves satisfactorily. One further question re- 


if " ains—will it repeat this performance, starting and stop- 
| sai ing and cycling, year in and year out for a satisfactory 
OF fe? To attempt to settle such a question, life tests are de- 


e eng. ; ; 
et: feed to test component parts, usually with the idea of 
° . ° ° e 

+ al ding a life of cycling into a reasonably short testing 
| a 

tioning t 
ot on fl Based on a paper presented at a symposium on life testing held by 
mers American Society for Testing Materials in Detroit. The author was 
in the ca 


cently appointed a member of the new ASTM administrative committee 
accelerated service testing. 
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me Improving Design through. 
Life Testing 


By R. E. Peterson 
Manager, Mechanics Dept. 
Westinghouse Research Laboratories 


Consider a simple operation such 
as opening and closing a refrigera- 
tor door. Merely because the door 
works well for a few times does not 
mean that it will function satis- 
factorily over a period of years. The 
spring in the latch could break 
due to fatigue, the latch and hinges 
could wear excessively, the sealing 
could become inadequate, in fact 
quite a number of things could hap- 
pen in this very simple case. In 
place of a housewife opening and 
closing the door repeatedly, we 
make a machine, Fig. 1, which per- 
forms the same operation succes- 
sively, 24 hours a day. In general a refrigerator door is not 
just closed, but is slammed shut, and the machine is made 
to take this into account. The machine operates at 15 
cycles per minute and an equivalent life of 15 years is 
covered in about 12 days. 

In a similar test for an automatic washing machine door 
which drops to a horizontal position, a crack appeared at 
each of the hinge attachments. As a result the structure 


Fig. 1—Above—Refrigerator door-slamming machine, an 
example of a device for life testing domestic appliances 


Fig. 2—Below—Tray-sliding apparatus for checking dura- 
bility of finishes and materials of refrigerator trays 





was redesigned and satisfactory performance was assured 
by further tests. Inasmuch as appliances are produced in 
large quantities when they are produced at all, it makes 
an enormous difference whether the crack appears during a 
preliminary 12-day test or later on in thousands of units 
all over the country. 

In Fig. 2 is shown an apparatus to simulate the repeated 
sliding of a refrigerator tray or drip pan, as a check on 
durability of finishes, materials, and the design of supports. 

Sometimes it is possible to cycle the entire device in 
such a manner as to answer the main questions in a reason- 
able time. For example, a battery of automatic washing 
machines is put through successive cycles of filling, wash- 
ing, draining, rinsing, and spinning, continuously on a 24-hr 
basis, the equivalent of 10-year life being attained in about 
2% months. In this case any corrosive effects are not 
properly accounted for and precautions must be taken to 
prevent troubles due to this cause. 

In Fig. 3 is shown an apparatus for fatigue testing a 
turbine blade at high temperature. The blade is heated 
electrically to simulate the temperatures and gradients of 
service. Variable stress is applied by means of an adjustable 
eccentric. An intermediate spring cage serves as a load- 
measuring device and also permits large motions at the 
eccentric which reduces wear errors to a negligible amount. 
Centrifugal force is simulated by a vertical pull mechanism 
which is flexibly connected. A fatigue crack in a steam 
turbine blade root as produced in the laboratory apparatus 
just described is shown in Fig. 4. The apparatus is now 
being used for testing gas turbine blades. Actual life tests 
of blading have been made in an experimental turbine, 
with vibration amplitudes indicated by an ingenious optical 
method. These methods have led to important improve- 
ments in blade utilization and performance. 


Duplicating Service Conditions 


In general, life tests should duplicate service conditions 
as closely as possible. Since it is easy to overlook an im- 
portant variable, a great deal of thought should be put 
into the design of any particular life test, and service data 
should be methodically collected as a guide for future tests. 

In analyzing life testing in terms of its fundamental 
elements, it will be noticed that time and cycling are the 
important characteristics. This leads to consideration of 
the following conventional tests: 


Group A 
1. Fatigue 
2. Creep (including relaxation and creep-rupture ) 
Group B 
3. Wear (including erosion and fretting) 
4. Corrosion, deterioration of nonmetallic materials 
and lubricants 
5. Repeated impact. 


These tests have been divided into two groups: Group 
A, comprising quantitative tests, capable of giving specific 
design data; and Group B, which includes qualitative tests, 
useful primarily for a comparison of materials. 

If the main problem of the hypothetical new machine is 
in the second group, say a wear problem, the problem can- 
not be solved by looking up data and calculating the 
answer; nor can the desired design data be obtained by 
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Fig. 3—Above—Turbine blade fatigue-testing setup 
simulates temperature, vibration and centrifugal eff 


3 
Fig. 4—Below—Crack produced by laboratory setup 


in Fig. 3. Result points the way to improved desig 
y. 6- 
ph 


Fig. 5—Below—Example of a rotating shaft subject ig. 7 
bending, used for fatigue problem discussed in arti¢ 


making a conventional test. A life test simulating . 
conditions as closely as possible is very much in ords 
problems of this kind. j 
If the problem is in the first category, fatigue OF 
there is at least a possibility of predicting satisfactory B | 
formance. But even if the problem is relatively sil 
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re are more considerations involved than is generally 
eciated. Such a problem will be examined in detail. 
buppose that a critical section of the device is the fillet 
ion of a rotating shaft in bending as shown in Fig. 5, 
material used being normalized SAE 1035 steel with a 
minal endurance limit of 34,000 psi. 

is well known, a fillet causes a local increase of stress, 
 &. 6, as evidenced by the crowding of the photoelastic 
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b. 6—Above—Stress concentration effect determined 
photoelastically. Stress is maximum at fillet 
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a iy. 7—Above—Fillet factors for circular shafts. Lower 
In @ curve takes account of combined stress 


. 8—Below—Comparison of stress gradient effects for 
4 notched shaft and a conventional test specimen 
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-diameter or larger. K;,’ = 


fringelines in the fillet as compared to their even spacing in 
the straight part of the bent bar where the stress distribu- 
tion is linear. This local increase of stress is expressed 
technically in terms of a stress concentration factor, 
K; = maximum stress/nominal stress. A curve of such 
factors, determined photoelastically, is shown in Fig. 7 
(upper curve). 

In a shaft fillet or groove there is, in addition to the stress 
in the bending plane, a stress at right angles in the circum- 
ferential direction. Where there is more than one stress we 
need a strength theory. It has been found that for ductile 
materials the shear-energy theory fits available fatigue 
data reasonably well. Since the two stresses mentioned are 
related by a constant we can figure a “theoretical strength 
réduction factor”, K,’ (lower curve of Fig. 7), which takes 
account of both stress concentration and strength theory. 
From this curve we find that for the given shaft dimensions 
(r/d=1/32), the value of K;,’ is 1.85. 

We are not yet ready to finish this problem, which as 
mentidned before is a relatively simple one. We still must 
consider the material, for it is known that high-strength 
heat-treated steels are highly sensitive to notch effects, 
while normalized steels are less sensitive. This is usually ex- 
pressed by a “sensitivity index” q defined as follows: 


K/-1 


where K,;=S,/S, =ratio of endurance limit without fillet 
to nominal endurance limit with fillet. S, is obtained from 
tests of conventional fatigue specimens preferably 44-inch 
theoretical strength reduction 
factor. 

As can be seen from the equation, q is defined in such 
a way that for no notch effect in fatigue (K;=1) q=9, 
and for full theoretical notch effect (K;=K;,') q=1. This 
gives a scale from 0 to 1 for evaluating notch sensitivity. 

It is unfortunate that we do not have a better term than 
“sensitivity” since this connotes a mysterious characteristic 
possessed by materials. It will be worthwhile to examine 
the variables involved. 

A fillet, notch, or other form of stress concentration 
introduces a steep stress gradient, Fig. 8, at the surface as 
compared with a conventional bending test specimen. With 
a material so coarse-grained that near the fillet surface 
where the stress gradient is high the stress drops, say, 25 
per cent in crossing a grain, the same fatigue behavior 
would not be expected as with a conventional testpiece 
where the drop in stress across a grain is relatively small. 
In the former case it should be more difficult for a crack 
to get started and to propagate itself; this is confirmed 
by testing experience. A notched specimen of coarse- 
grained annealed or normalized carbon steel usually will 
not be reduced in fatigue strength as much, percentage- 
wise, as will a similar specimen of fine-grained heat- 
treated steel. These results, then, seem explainable in a 
general way on the basis of grain size and stress gradient. 
There may also be present a cold working effect but, in any 
event, stress gradient is a logical parameter to use in evalua- 
ting the effect of various notches or “stress raisers”. 

It can be shown that over a considerable range the 
stress gradients of such “stress raisers” as fillets, grooves, 
and holes are approximately proportional to 1/r. Available 
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data therefore have been plotted on charts of g versus r, 
Fig. 9. This type of curve is a theoretical one based on: 
(1) Failure at a constant depth (0.002-in. for SAE 1020): 
(2) an average K,’ = 1.8; (3) curve shifted laterally so that 
when r=0, q=0. 

A summary of notch-sensitivity curves of the type just 
described is given in Fig. 9. The top curve represents fine- 
grained quenched and tempered steels, the middle pair 
of curves represent normalized steels of medium grain size, 
and the bottom curve (which carries a question mark be- 
cause of insufficient data) represents a very coarse-grained 
steel (as rolled). These curves, then, may serve as a guide 
for estimating notch sensitivity, at least until we have some 
thing better. It should be noted that the curves are not 
applicable to deep grooves or sharp fillets, which inciden- 
tally should be avoided in design. 

We are now ready to return to our illustrative problem 
and complete it. We see that for r=1/16-in. we have 
q =0.82 for SAE 1035 steel. The maximum nominal bend- 
ing stress which the shaft can carry is then 


S. 34000 


~Tq(K/=1)~ 1+0.8271.85-1) 





=20,000 psi 


n 


As far as this simple machine element is concerned we 
can say that we understand it well, and if our operating 
stresses are substantially lower it should not be necessary to 
make life tests. Unfortunately, our knowledge is so limited 
that we cannot often make such a confident prediction. 
But progress is being made and we are getting reasonable 
checks on increasingly difficult problems, such as turbine 
blade fastenings, gear units, etc. 

So far only one of the two quantitative tests mentioned, 
namely, fatigue has been discussed. Creep data are of 
interest in steels primarily at elevated temperatures, but 
for die castings and other soft metals important effects 
occur at room temperature. Space will not permit an ex- 
tensive discussion of the many aspects of the subjects of 
creep, relaxation and creep-rupture. In the first two cases, 
integrated effects of the behavior of large masses of grains 
are involved and therefore analytical methods are appropri- 
ate as a means of interpreting and extending test data. In 
fact, if we are trying to predict how much a red-hot part 
inside a turbine will creep in 10 or 20 vears we must extra- 


Fig. 9 — Notch sensitivity 
curves for various materials. 
Not applicable to deep 
notches or sharp fillets where 
t is more than 3 times r 


















polate by mathematical means from the results of, 
tests of a few months’ duration. It is not a questig 
whether or not to extrapolate—it is only a quest 
whether we do it poorly or well, whether we » 
whether we use the best available data and ‘a 
methods. 

In the case of creep rupture (that is, brittle fata 
an extended time at constant load and temperature) 
experimental approach will be the main one for somes 
We think of creep-rupture mainly at elevated temperaty 
but it can occur, for exampie, in soldered joints t 
temperature. FE 

It will be noticed that in general emphasis has beew : 
a more basic and detailed approach in design applica 
of materials. It may be remarked that since a fag 
safety is always used anyway, refinement in desig 
waste of time. Such a viewpoint would not be in keg 
with modern trends in design. The aviation industyy 
many others find that it pays to make extensive dell 
analyses coupled with numerous tests of all kinds. Ai 
uid rapidly growing technical society is devoted eff 
to experimental stress analysis. In these days is seempy 
ticularly characteristic of designers that they are continl 
asking for more information of a basic nature. BY 

This is not to say that life testing will become obs 
For certain problems involving wear, friction,’ lubricaté 
etc., there is no other way. For many complicated fatig 
problems a life test is most certainly advisable, but i 
hoped that as our knowledge increases we will make be 
designs quicker and will use life testing as a check 
design rather than as a cut-and-try procedure. 

It might also be added that even now life testing is 
plied chiefly to items of large production. It is not possil 
to life test large generator or turbine rotors, or many ite 
produced in quantities of one or a small number. We mi 
rely in these cases entirely on the designer and the m 
information he has the better. 

In conclusion, it can be said that life testing, field te 
laboratory tests of conventional specimens, stress analys 
and studies or mechanics of materials all have a prop 
place in the overall picture, and if we wish to make 
most effective progress in basic design practice we sho 
plan our work so that the results obtained in these fields« 
be correlated in a fundamental manner. 
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Pacific Div., Bendix Aviation Corp. 


CHIEVEMENT of full benefits of machine 
My duction depends on the use of design standards. 
© This was realized first by Eli Whitney who in 
astonished U. S. government officials by “tooling 
to make 10,000 muskets which would not be “all 
~ mnt from one another”. The feat of turning out 
- eels of interchangeable parts was possible 
¢ Whitney used design standards and established 
i itufacturing tolerances. 

mMlay we are sold on this general idea but still have 
bali it fully. Yet wherever design standards are 
Production is speeded and costs are cut. In the 
» 2g. some examples illustrate how design standards 


> -n in, for instance, the production of hydraulic 
sSries. 


pro- 


Certain 4-way selector valve had been in operation 
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Az/nternal Sea/ 
sfxternal Sea/ 


Dash Number (Specification AN6227) 


Design Standards Offer 


Accumulative Savings 


in airplanes for many months when an Army specifica- 
tion demanded a longer cycling life for the valve. Would 
a new valve have to be developed, requiring—in the 
midst of a war—precious weeks or months of designing, 
testing, modifying, retesting, tooling up, pur- 
chasing, etc., before production began? 

The valve in question had been designed to use a 
square seal. The superior and dependable performance 
of round or O-ring seals, was already known as a result 
of experience and steady work on design standards. Die 
entirely to this knowledge the requisite changes could 
be made with a minimum of trouble and time. 

First, since the bore of the cylinder was known, it 
was possible to find from a carefully compiled reference 
table what the correct seal or packing size and its groove 
dimensions should be. It was not merely a question 
of substituting a round seal for a square seal, for the 
round seal required. a wider and shallower groove than 


materia] 


Fig. 1—Minimum diametric interference for AN5227 O-ring 
packings, for both internal and external sels 








had been used before. This groove change, in turn, 
necessitated new pistons. But all the knowledge needed 
for these substitutions was available. The valve body 
itself was retained unchanged. The minor changes that 
were made increased the life of this 4-way valve from 
about 9000 to 43,000 ‘cycles. 

The following tabulation shows how such information 
may be organized. It is a portion of the specifications 
covering gland dimensions for AN6227 O-ring seals. 














External Seal Internal Seal. 
re Piston Groove Rod Bore Groove 
Dia. Dia. Dia. Dia. Dia. Dia. 
(in.) (in.) (in.) (in.) (in.) (in.) 
1 0.251 0.247 0.139 0.122 0.126 0.234 


0.249 0.245 0.187 0.120 0.124 0.232 


0.282 0.278 0.170 0.153 0.157 0.265 
0.280 0.276 0.168 0.151 0.155 0.263 


3 0.313 0.309 0.201 0.184 0.188 0.296 


to 


0.311 0.307 0.199 0.182 0.186 0.294 
4 0.344 0.340 0.232 0.215 0.219 0.327 
0.342 0.338 0.230 0.213 0.217 0.325 
5 0.376 0.372 0.264 0.247 0.251 0.359 


0.374 0.370 0.262 0.245 0.249 0.357 


Each dash number requires its own bore, piston and 
groove diameter. The groove width is found by refer- 
ence to another table. AN6227-1 to -7, for instance, all 
take the same groove width. 

If, however, the bore dimension is an odd size and is 
not found within these prepared tables, the seal informa- 
tion needed is found in other tables and graphs. One 
graph, for example, shows distortion values. As an O- 
ring seal is extended or stretched over a rod, its cross 
section changes in shape from circular to oval. Thus 
when choosing the correct seal for odd-size bores, the 
seal’s distortion must be known. 

In such cases of nonstandard installations, one must 
also ascertain the minimum diametric interference which 
will allow the O-ring to seal satisfactorily. The graph 
which gives this is shown in Fig. 1. 

Supposing the O-ring which should be used is an 
external seal No. AN6227-33. From Fig. 1 the minimum 
diametric interference is 0.028-in. This interference is 
next guaranteed by making the seal groove a certain 
depth determined from another chart or a formula. 

Advantages of standardization are secured in each case 
by a special study of the unit involved. For seal plugs, 
for instance, a thorough study was made of the relative 


Fig. 2—Relation between maximum clearance and per- 
missible pressure for O-ring gasket seals 
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merits of the screw plug, the screw cap and the ret; 
or snap ring. Due to economy of manufacture and ¢ 
of installation, the snap ring was recommended 
wherever possible. : 
Next, its limitations were carefully set down jp 
Design Standards Manual. For instance, snap jj 
should not be used: 
Where the body is machined from sand-cast aluminyy 
alloy and the system pressure is over 1000 psi 
Where the body is machined from nonferrous metgk 
and the system pressure is over 1500 psi 
Where the body is machined from nonferrous metgk 
and the snap ring would be subjected to frequent 
removal, 
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With conditions of use thus set forth as carefull 
possible, a chart was drawn up like the one for Ou 
With a nominal %-in. bore, for instance, the chat 
dicates that if an internal type N.A.S. 50-37 snap 
is used, the other dimensions should be as follows 


pps V 
vant 
1 arde 
Refe 
ticec 





pns a 

Clear- p 22( 
ance Tolerang 

---—Snap-Ring—-- Groove—— Bore _ of Ring on Ring ond 
Dia. Width Dia. Width (Actual) in Place centriciy 
(in.) (in.) (in.) (in.) (in.) (in.) (in.) 
0.414 0.0265 0.409 0.031 0.378 0.19 0.002 

0.409 0.0235 0.404 0.028 0.374 


and so on. The correct dimensions for external type 
rings are listed in a similar table. 

Such tables often are useful when expressed as grap 
Thus in employing O-rings as gaskets, a line represa 
the relation between working pressures and the maxim 
clearances permissible between’ body and end seal. f 
2 shows that where the working pressure is 1750 J 
the maximum clearance must not be more than 0.008 

Design standards are useful for countless other ite 
as, for instance, threads. Though in a given case i 
often permissible to use any one of several thea 
analysis usually prescribes a first, second or third choi 

Modification of the design of a hydraulic cylinder v 
serve to illustrate the recognized advantages of utilizi 
standards. As the development engineer makes his rou 
layout, he uses standard specifications. These will be 
help to the draftsman in making the detail layout. 
need not be instructed point by point as to the pis 
diameter, groove diameter, type of seal, etc. _Inste 
the draftsman, be he novice or seasoned, finds what 
needs to know in the Design Standards Manual. 

After the first model constructed from the detail layags a 
is successfully tested, the production drawing is mm ndar 
The shop engineer in his turn is happy to see standape ti 
parts specified, for this enables him to use stand jon ¢ 
manufacturing methods with which he is already familiq In 
In preference to building a new jig, one already set e 0 
may be used. As for tool engineering, supposing a 
groove width for an O-ring has been standardized, 4 
means that instead of making a new forming todl 2 
standard one may be utilized. Also, the time study opecia 
partment knows more than it otherwise would about o 
long the various processes of manufacture will take, adi 
the estimating department is already familiar with ! ina 
unit costs involved. re 

Such savings all along the line coalesce into one ! r 
saving that would not be possible without the help : 
standards. 
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SE of insulated, reduced-voltage transformers for 
aluminey control circuits has expanded rapidly. This is 
1000 psi only natural because, when once employed, the 
DUS metyl, avenience and safety features of low-voltage control 


si ome obvious. It is important, however, to under- 
us metal; fend the purpose and limitations of such devices in 
frequent der to avoid misapplications and costly errors. The 
nose of this article, therefore, is to point out the 
| carefullyfeps which should be taken so that full benefit of the 
> for Onty vantages may be obtained and the application safe- 
the chart fharded. 
37 snap i Referring to the panels shown in Fig. 1, it will be 
; follows fhticed that the control transformer has link connec- 
ms at the top so that the primary or plant voltage may 
r- > 290 or 440 volts at either 50 or 60 cycles with the 
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tail layogs are rated 230/460 volts primary and 115 volts sec- _ 
| ig mamadary; however, this indicates a ratio of 2:1 or 4:1 re- 

e standagpectively between primary and secondary. This ques- 
 standifon of ratio will be covered later in the article. 


y familiq In making up panels the magnetic switches should 
dy set Pe of sufficient size for the 
osing "Psepower ratings mt 
iad , Hes tha Pia: tes Fi As OM 50 
tool Bey are 290 panels for either 220 
8 ate 220 or 440 volts, es- or 440-volt supply. 
study ( cially since all modern motors Link connections on 
bout hve nine leads making them primary leads of the 
take, #fdily reconnectible at the ter- transformer are 
with inal boxes for operation at Changed for either 
tther voltage. voltage. In the up- 
) one ® Granting therefore that the °° yew! capagenes 
» help nel can be used fel is for 440 volts while 
a ey Oe ts the lower panel it 


tther 290 or 440 volts, a com- is for 220 volts 


teense 
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th of circiut through faulty ground 
by- passes open switches 
o— gel < eae 


| Motor starter 
coll circiut (conventional ) 


pe), —O. 


Overload relays 


=Permanently established 
ground 


(b) 


Fig. 2—Grounded control circuit shown at (b) with possible 

ground faults indicated in the diagram at G. These either 

should not affect circuit operation or should blow a pro- 
tecting fuse. Conventional circuit is shown at (a) 


plete machine can be changed over in an hour from opzra- 
tion on either voltage. Because the control circuit for the 
coils always remains at 110 volts, the only changes nec- 
essary consist of reconnecting the motors at the terminal 
boxes, reconnecting the. taps at the transformer primary 
and changing the overload heater elements on the indi- 
vidual switches. - Since the 110-volt contre] circuit has 
either fuses or circuit breakers on the secondary side, no 
change is necessary in that connection. 


Limits Power to Transformer Capacity 


Another important consideration is: the ~fact that the 
power behind a shoft circuit in the control wiring is limited 
to the secondary short-circuit capacity of a ‘small trans- 
former, usually,only 300 to 750 watts capacity. On the 
other hand, the damage caused by a short circuit without 
a control transformer in the circuit ahead of the magnetic- 
switch coils and overload-relay contact points, etc., and 
with all the power of the shop circuit behind it, can be a 
measurable amount and might even be a fire hazard. 

After inspecting panels where shorts have occurred in 
the control circuits, especially on line voltages of 440 and 
550 volts, the writer is convinced that for this reason alone 
the use of moderate-power, low-voltage control trans- 
formers is not only good practice from the maintenance 
angle, but also proves to be worth while in reducing in- 
ventory expense and increasing availability for quicker 
turn over of machines from a sales viewpoint. Machines 
for either voltage, 220. or 440, are available immediately 
and this can be extended even to 50-cycle machines as 
explained later. 

In regard to the standard 110-volt control circuit, this 
voltage was selected for various reasons. As the number 
of machine functions increases so do the number of con- 
trol contacts in series, and as electrical impedance or re- 
sistance is introduced into the circuit it becomes apparent 
that lower voltages do not have punch enough to operate 
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the devices through these high impedance: paths ¢g of 
by adverse conditions such as nonconductive foreign ntact 
terial between the contacts. ri 
Other complications with reduced voltages in the , 
of 32-24 or even 12 volts depend on the fact that the ound 
perage in the circuit must increase in direct Proportiogfpt is 
the decrease in voltage for the same amount of power, ud # 
major part of the power in control circuits js required "SP" 
actuate solenoid coils, whether in contactors, relays on is 
other devices. In general lower voltage coils req low 
heavy wire of fewer turns and higher voltage coils req YOY 
small wire of many turns for the same power. Thy? ™ 
voltages are reduced below 110 volts, the coils in sg A'S" 
ard contactors must be made special. On the other hae 
110-volt coils are standard stock items in all sizes ay !™5 
all frequencies. pons 
etloa 
Lower Voltages Affect Contacts Adversely 5 
me ppare 
Limit switches and pushbuttons are adversely affeagpine* 
by the reduced voltage with its increased amperage, (qpe™ § 
tact sizes may need to be increased to avoid overheatge™® ' 
by the higher currents. du 
Taking these and other conditions into considerati@® | 
the proposed revision of the machine tool code, for!’ Y 
stance, specifies for low-voltage control circuits: ost 


The control voltage shall be 110 volts obtamed 
from a transformer with an isolated secondary wind- 
ing, and the control circuit shall be protected by fus 
or equivalent overcurrent protective device placed in) 
the transformer secondary circuit (approximately 95) 
volt 50-cycle control circuits may be used where) 
60-cycle coils are used for both 50 and 60-cycle dey 
vices). F 

Recommended Practice: It is recommended that 
110-volt reduced-voltage. control be used on all mar 
chine tools as follows: f 

(a) All operating coils of magnetic devices should be 

connected to one side of the control circuit wil 
provision for purchaser’s grounding of that sid& 
of the line at the control circuit transformer. All 
contacts should be connected to the other side dh 
the line except as follows: Overload-relay COM 
tacts in the line having provision for groundingagyl 
if the conductors between such contacts and # : | 
coils of magnetic devices do not extend beyoni} 
the control enclosure. E 
(b) The wiring diagram should show the location 
of the grounding connection with the notation 
“To be grounded by purchaser if conditions pf g 
mit”. 

100 volt-ampre additional transformer capacisy 
or a separate transformer, shall be provided on ef: 
chines requiring over 2 horsepower, for a 1104 : 
machine light. Transformers shall have prim Y 
winding for dual 220/440 volts unless other . 
specified. 

There are some points of interest in the above®™ 
fications and it should prove worthwhile to discuss™ 
in detail and also to make some comments on what 
be taken into consideration in applying these transi¥ls 
correctly. 

Grounding of the control transformer in the 
has not been tried to any great extent. If one side 
control circuit is grounded, an accidental ground on 


ecg 
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of the line circuit might produce undesirable relay or 
stactor action. That can only be determined over a 
riod of'time. It is known from experience that con- 
in the ott? might come in when they should not due to 
that the yunds in the control circuit even when the control cir- 
Proportiogpit is fused, but not grounded. Certainly, therefore, we 
f power, d not be _" wore off by trying the grounded circuit 
$ require respects erratic operation due to grounds. This connec- 
rs, relay #8 illustrated in Fig. 2. An accidental ground at G if 
oils re low enough resistance should blow the protecting fuse. 
coils reqg VEY high resistance ground probably would not blow 
er. Thi fuse and certainly would not excite the coil. 
ils in stay AMguments against grounding run somewhat along these 


Paths 
foreign 


0 other . nes: 
sizes ani FIRST: It will not permit using a fairly well agreed 


yon standard method of connecting starters where the 
etload relay contacts are interposed between the operat- 
g coil and what normally would be the grounded line. 
parently, this will eventually become a NEMA standard 
mnection scheme. This argument is in reality no argu- 
ent as far as machine tool standards are concerned be- 

e this proposed NEMA standard applies only to indi- 
dual starters receiving control voltage from the main 
nsideraig’e: It would, however, block further progress to include 
ode. for gis type of connection for low-voltage control circuits. 
$: ost multistarter panels follow the recommended practice 
connecting one side of all coils to one leg of the trans- 


rsely 


sely aft i 
erage. h 
Overheatigr 


obtained 
wind- 
by fuse 


former, using the hot side for all control-contact connec- 
tions as shown in the wiring diagram of Fig. 3. That 
seems to be the common sense way of doing it, because 
then only one polarity is present on all pushbutton, over- 
load and relay contacts, the hazard of direct short circuits 
across contacts is avoided. 

SEconD: Where one leg of a three-phase system is 
grounded, trouble might develop through grounding of the 
isolated secondary of the control circuit transformers if the 
circuits were not phased out properly. This is the most 
potent argument against grounding. 

Also in the 3-phase, 4-wire circuits and 2-phase, 4-wire 
and 5-wire circuits the neutral is always grounded and, 
unless the secondary was phased out correctly, might lead 
to erratic operation. Thesé are more or less special cases 
but certainly are worthy of consideration. 

Regarding selection of the proper capacity of control 
transformers a condition exists which certainly needs fur- 
ther study and clarification. Referring to Fig. 4 the volt- 
age drop under load is in reality the limiting factor in de- 
termining the proper rating for a control transformer. 
Taking a 500-volt-ampere control transformer as an ex- 
ample and assuming a constant-voltage supply to the pri- 


Fig. 3—Wiring diagram for surface grinder follows the 
recommended practice of connecting all coils to one leg 
of the transformer. The hot side is used for contacts 
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mary, the terminal voltage of a 60-cycle 500-volt-ampere 
control transformer will drop approximately 10 to 11 per 
cent for a 400 per cent load of 30 per cent power factor. 
On a terminal basis this same transformer will carry ten 
times normal load for 20 to 25 seconds without overheat- 
ing. Usually, therefore, this type of transformer should 
be applied for voltage regulation rather than on a thermal 
basis. If overload conditions occur often, say 10 or 15 
times per minute, then it may be necessary to determine 
the equivalent root-mean-square load for alternate cycles 
of overload and light load. 

The average switch-coil inrush current is at a low power 
factor and, on a control transformer, the reactance is so 
low that lower power factor current will result in regula- 
tion at least as good as a unity power-factor load. The 
short circuit current of a normal reactance transformer will 
be approximately 28 times normal full-load current. The 
short-circuit current from a 500-volt ampere transformer, 
therefore, might be as much as 110 to 120 amperes 
peak but this is far less than the short-circuit current from 
a main power line. 


Short Circuit Is Independent of Load 


Ordinarily the size of the load current is determined 
by the work that is being done and bears little relation to 
the proportions of the system supplying the load. How- 
ever, the magnitude of short-circuit current is practically 
independent of the load, but is directly related to the size 
or capacity of the power source. The larger the capacity 
of the apparatus which supplies power to the load, the 
greater the short-circuit current will be. When the short- 


| Full load : 
1/5 V + 200% load 
HW? V+ 


300% load + 


volts 


S 
S 
'S 
~ 
,& 


6.$8 6: fF wm = 
2 Jjoad in amperes (30% PF. 60 cycles) 





Fig. 4—Regulation curve for control transformer showing 
voltage drop for various loads 


circuit current delivered by the system is in excess of the 
interrupting capacity rating of the short-circuit protective 
device (i.e., the breaker or fuse), this protective device 
may not open the circuit successfully and dangerous as 
well as destructive consequences may follow. 

Fuses must be large enough to carry the normal short- 
time overload presented by the control devices. Usually 


it is necessary to over-fuse in order to maintain control 
circuit continuity during the inrush conditions. If the fuse 
has the same thermal characteristics as the transformer it 
will be possible to afford full protection to the transformer. 
A 10 or 15-ampere fuse on a 500-volt-ampere transformer 
with a full-load current of 4.35 amperes should be safe. 
Though the Automotive Standard allows use of a con- 








trol transformer with 100 volt-ampre additional gy 
to furnish current for a machine light in addition to req 
ments of the control circuit, the writer believes thy 
such specifications if followed would only lead to 

| 





Certainly the control circuit is too important a part ¢ 
machine cycling to have its proper functioning jeopayj 
by adding an unknown quantity of lighting load, 
outlet is provided for 110 volts, 60 cycles and this 
let is connected ‘to the control circuit transformer yh 
io prevent shop men from plugging in an electric 4 x 
tapping tool etc., also of unknown wattage capacity? 
in time would put too much load on the control 
former, thereby endangering the control circuit contin 

Instead, an additional transformer may be included 
the control panel, such transformer to provide for lig 
service up to 500 watts. This type would also be suij 
for electric drills and, being separate from the om 
circuit, if overloaded would not be any liability p 
functioning of the machine. 

With respect to the ratio of voltage reduction, itis) 
sible to purchase control transformers rated at boh§TH 
and 50 cycles. With such transformers it is feasibk§ co 
take care of 50 cycle jobs as follows: ter 

The normal ratio for instance of a control transfomich | 
is 460-volt primary and 115-volt secondary, a ratio of fe in 
This also means that with 440 volts on the primary ee i 
secondary will be 110 volts. Now if 60-cycle ll0ged | 
coils are used they will prove suitable because as long§s ro 
the voltage and frequency change in proportion, th 
within reasonable limits, the coils will operate in a noord 
manner. In other words 95 volts at 50 cycles produces@fhe 
proximately the same current in the coil as 110 volspisic« 
cycles. That is what is meant by the statement in fds, 
specifications that approximately 95-volt, 50-cycle cm eys 
circuit may be used where 60-cycle coils are installed §s is 
both 50 and 60-cycle devices. Control transformers aljrest 
considerable leeway in utilizing standard equipmentfan 
take care of special cycles and voltages, all in a peregia 
legitimate manner. ali 




















Separate Transformers for Auxiliaries Is Best 


Control transformers are so handy for lighting and sm 
tool service that a far-sighted designer will do either 
of two things. Make the capacity of the control 
former large enough to take care of all these continge™to 
or specify a separate transformer for lighting and sm 
tool use so as not to endanger the functioning of the cf 
trol circuit itself. In general it has been found that i 
second method of having a separate transformer for 
chine lighting is the safest and best practice to foliow. 

Known accessory loads of small wattages, howe 
may be included in the control circuit without endangpvine 
ing its functioning. For instance, we wanted to appiy be 
small lubricating pump motor for a main spindle ot 
The motor finally used was a 1/40-horsepower, 1500"ifein 
motor. To wind such motors for 3-phase at 440 oF Ba) 
volts becomes an almost prohibitive application, but tpt , 
can be wound readily for 110-volt 60-cycle single» dis 
power. As the total power consumed by this = 
only 30 to 40 watts, it could be operated from = 


(Concluded on Page 180) te 
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ion, it isy 
| at boh#T HAS become a well-established practice in this 
is feasik§ country to specify the roughness of a surface in 
terms of a special kind of average distance, 
1 transfomich is the root-mean-square deviation of the sur- 
. ratio of @e irregularities from the mean surface. This dis- 
- primary Gce is shown in Fig. 1, which represents the mag- 
ycle 1l0@ed profile curve of an idealized surface. The 
se as longs roughness can be read directly by the profilo- 
rtion, thiter, or it can be calculated from the graphical 
e in anomord made by the Brush surface analyzer. 
producsifhe question arises from time to time as to the 
110 volssical significance of such a reading. In other 
ement infrds, how far below the peaks are the deepest 
cycle coleys for an ordinary surface whose rms rough- 
. installed§s is known? This question has always been of 
formers agerest because one can visualize the peak-to-valley 
quipmentgtance in terms of the type of reading obtainable 
n a perlegi a micrometer, whereas it is extremely difficult to 
alize an rms value in terms of the details of the 
face profile. 
t is the purpose of this article to show how 
ghness measurements can be converted to linear 
roinches that can be visualized readily. and 
ped in the same manner as any other linear 
hension. 
s the subject of surface finish is developing, at- 
ion is being paid to waviness, which comprises 


















Is Best 
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g and sMgularities more widely spaced than those making 
g of the ¢ roughness, the limit between the two having been 
und that - ily set at 0.040-in. The two types of sur- 
rmer for if irregularities (1)° are depicted schematically in 


to follow. 


es, He 


-2. Since waviness is expressed always in terms 
Pl height, any worthwhile comparison of the 
ut endaniviness and the roughness of a surface requires 
d to app” t both be expressed in the same type of units. 


ndle bei]. *gain it is found desirable to convert the rms 
er, 1601ieiness (h,,,,) to the peak-to-valley roughness 
- 440 oF 


on, but Ufo a conversion must be made empirically for 
sing e-P distinct reasons. In the first place, every sur- 
his et Contains a considerable proportion of roughness 
om ‘ 


mact of a paper presented at the recent annual meetin 
; “ g 
* American Society of Mechanical Engineers in New York. 


“$m parentheses refer to references at end of article. 
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‘4/nterpreting Surface 


=4 Roughness Readings 


irregularities smaller in magnitude 
than the largest ones. All the 
roughness irregularities contribute 
to the rms value, and therefore the 
rms value is necessarily smaller 
than if it were calculated on the 
basis of the larger irregularities 
alone. Thus the ratio of (h,,,,) 
to (hms) depends on the detailed 
characteristics of the surface. Furthermore, an rms value of 
the roughness obtained by a tracer-type instrument is not that 
for the roughness profile itself but rather for the profile as in- 
terpreted by the instrument. The tracer point and the elec- 
trical and mechanical characteristics of the instrument enter in- 
to the interpretation. The distinction between the actual profile 
and the interpreted version is particularly important when the 
roughness irregularities are such that their bottoms cannot be 
reached by the tracer point, whose radius of curvature’ at the 


Orono 


Pegk-to-valley 
roughness 





Fig. 1—Sections illustrating a typical surface. True profile (a) 

is magnified equally in horizontal and vertical directions, 

exaggerated appearance of same section (b) is result of further 
magnification of 25 times in vertical direction only 


Fig. 2—Section of a surface showing both roughness and waviness 

irregularities. Roughness, consisting of fine irregularities, is 

superimposed on waviness which comprises the gradual curva- 
ture with wave length greater than 0.040-in. 





spherical tip is 500 microinches (0.0005-in.) in both the profilo- 
meter and the Brush surface analyzer. 

Some information on the quantity Nyng:/Aym, has appeared 
in the literature. For a simple sine wave, this is of course equal 
to 2\/2 or 2.8. For profile records of actual surfaces, however, 
the ratio is likely to be from 8 to 5, according to Abbott, Bousky, 
and Williamson (2). Much higher ratios than those of Abbott 
were found by Way (3, 4) whose results indicate that the ratio 
increases from 3 for extremely rough surfaces to about 10 for 
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commercial finishes and to as high as 25 or 30 for finely 
ground surfaces. 

A third set of ratios can be obtained from Nelson’s 
work on taper sections of steel surfaces prepared by 
various abrasive operations (5). A taper section 
is one taken at a small angle to the surface so that 
the surface irregularities are magnified much more in 
depth than in width. An optical magnification of 100 
diameters, superimposed on a vertical magnification of 25 
due to taper sectioning, has been found convenient, this, 
combination giving a horizontal magnification of 100 and’ 
a vertical one of 2500. 

A photomicrograph of such a section is capable of fur- 
nishing the most accurate picture of the true depths of 
ithe surface irregularities, and the present work is based 
upon a detailed examination of Nelson’s taper sections, 
of which Only a few were published. The surfaces in 
question were all finished by various abrasive methods 
the specimens being SAE 6150 steel hardened and tem- 
pered to approximately rockwell C42. Both cylindrical 
and flat specimens were used. The profilometer readings 
for the cylindrical specimens were taken along the axial 
direction, the highest values being obtained in this man- 
ner for the reason that the lay of the surface in those cases 


in which it was-;unidirectional was: perpendicular to the ’ 


The flat specimens were :measured in’ 


! 


axial direction. 
‘analogous manner relative to the lay. 


Visualizing Two Kinds of Roughness 


Careful examination of the taper sections revealed that 
most of the surfaces could best be visualized in terms 
of two sorts of peak-to-valley roughness. One of these, 
the roughness that occurs more or less uniformly over 
the whole surface, we are designating as “predominant 
peak” roughness. The other, here termed “deepest maxi- 
mum” roughness, comprises the deepest irregularities oc- 
curring at intervals that are large compared to the width 
of the irregularities themselves but, occurring closer than 
0.040-in., are still too close together and too numerous 
to be disregarded as flaws. 3 

For some surfaces the predominant peak roughness 
and the deepest maximum roughness are the same. Usu- 
ally, however, there are deep scratches occurring often 
enough to be classified as roughness and not as waviness 
or flaws, and yet not often enough to represent a true 
base line for the surface irregularities themselves. 

Predominant peak roughness is considered significant 
because the general frictional behavior of an ordinary 


Comparison of Ratios for Various Types of Finish 


abrasive-finished surface in original contact with » 
is most likely to be determined by the roughness j 
larities present everywhere rather than by the wids 
arated deep irregularities constituting deepest 
roughness. There jis’ little reason to expect thats 
crease in the depth of the deepest irregularities y 
tect the contact behavior if the predominant Deak r 
ness remains unchanged. 

A comparison of the ratios Amnos/hym, for the y, 
types of surfaces appears in the accompanying tak 
first glance, it may appear that the range of valuy 
broad for a given type of finish that calculations i 
ing the average ratio listed in the table are not} 
to be of practical use. However, even a possible; 
of one-third is not too large when it is considere 
in shop practice the classes of roughness progrs 
factors of 2. 

To illustrate how the average ratios can be a 
it is assumed that the profilometer reading is know 
a given type of surface. Multiplying this reading ly 
corresponding average ratio in the predominanty 
roughness column gives the roughness in terms ¢ 
predominant peak-to-valley height, a distance that is 
to visualize and one that is well suited for compai 
of roughness and waviness. The occasional deep i 
larities, if needed, are obtained similarly by the uses 
average ratio in the deepest-maximum-roughness cdl 

The converse problem, that of establishing a likely 
of the profilometer reading if h,,,, is given, requi 
knowledge of whether or not the deepest maximu 
regularities were excluded from consideration when 
was established. If they were excluded, as is li 
be the case, the ratio for predominant peak roug 
should be used, but if h,,,, is based upon the most 
nounced irregularities, the ratio for deepest mati 
roughness should be used. In all these examples, thi 
gree of uncertainty in the calculated quantity can & 
tained by substituting the extreme values for the a 
value given in the table. 
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—— 
Cylindrical surfaces Flat surfaecs 
‘Predominant peak’’ | “Deepest maximum” | “‘Predominant peak” 
Average | Range of | Average | Range of | Average | Range of | Average 
Type o finish maz/l"rms maz /lrms hmaz/Rrme hmez/Rrme moz/Rrms hmaz/hrms hmas/hrms 
) ee 
Ground 4% 314-5 84 614-10 7 5 -8 11 
Hyprolapped 61% 5144- 7% 13 13 -14 6 514- 6% 15 
Sandpapered 7 5%4- 9 12 10 -13 7 6%- 7% 17 
Superfinished 7 5 -9% 13 1l -16 5% 314- 74% 10 
Loose-abrasive-lapped 10 74-13 19 15 -23 10 514-13 17 
—— 
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Government Aid in Reconversion 


problem, governmental participation—just as in conversion for war— 

is one of those things against which there can be no argument. 
Particularly is this the case in connection with those machine-building 
companies that have been producing their regular lines of machines through- 
out the war. These concerns are not faced, as are others, with the task of 
changing back production lines and entire staffs to something entirely 
different from their war production—they’~ do not have to “reconvert'’ in 
the usual sense of the word. They are, on the other hand, confronted in 
most cases with the probability of disturbing surpluses existing throughout 
the nation due to their tremendously increased output during the war years. 


tation ¢ reconversion has been said to be purely an industrial 


One of the most striking examples is the machine tool industry which 
has produced, since the beginning of 1940, almost as many machines for 
use in this country as were in operation at that time. By the end of 1945 
there will be available for production four times as many machine tools 
that are Jess than ten years old as were in use early in 1940. 


Whether the country will be able to absorb and utilize the increased 
potential capacity represented by these relatively new machines is question- 
able, though recent surveys of machine tool users indicate that a significant 
demand will be forthcoming, on reconversion, for the more modern types, 
both new and government owned. It is to take care of the overall surplus 
that government co-operation is needed, one of the outstanding suggestions 
along this line being that the government retain as many as 5O per cent of 
the machine tools to which it holds title at this time. 


Not only would such a plan aid in re-establishing the machine tool 
industry on a peacetime basis, but it would offer the advantage of pre- 
paredness and security which should be keynotes of the future. Further, 
extension of the plan to conipanies such as road machinery builders and 
others similarly situated would assure a maximum of employment by these 
concerns—a factor of vital importance in any consideration of postwar 


conditions. 














































Precision Pneumatic Gage 

























Capable of checking diameters to plus or minus 
five millionths of an inch, this new gaging instrument 
manufactured by The Sheffield corporation employs five 
transparent indicator tubes. Com- 
pressed air from the regular plant 
supply enters the gage through an 
automatic compensating pressure 
regulator, passes through the ver- 
tical transparent indicator tubes and 
out through orifices in the gaging 
spindle. An indicator float in each 
transparent tube is free to move up 
and down in response to changes in 
velocity of the air passing through 
the tube and around the float. The 
greater the air velocity the higher 
the float rises in the tube. 

Any practical degree of magni- 
fication is available by changing the 
size and weight of the indicator float 
which is readily accessible from the 
top of the gage. Volume and velocity 
of air flowing at any given instant 
during gaging depends only on the 
clearance between the gaging 
spindle and the sides of the bore 
being gaged. 
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Dielectric Heater 


Designed for heating dielectric materials such as 
plastics, wood, and chemical and food products, this ma- | 
chine manufactured by Radio Receptor Co. Inc., consists 
of a complete high-frequency generator capable of deliver- 
ing a power output of 5 kw at frequencies of approximately 
5, 15 or 30 megacycles. A three-phase, full-wave mercury 
vapor rectifier is provided for the supply of high-voltage 
direct current to the os- 
cillator tubes. Cooling is 
effected by an internal 
blower system that forces 
air through the _ unit, 
making possible compact- 
ness and portability. The 
machine is provided with 
either an automatic oven, 
mounted at the top, or a 
separate electrode assem- 
bly for application of radio 
frequencies to the product. 
The 5 kw output is capa- 
ble of supplying 17,065 
Btu per hour to the load. 











Use of glass-wool filters 
protects the internal elec- 
trical parts from dust and 
dirt. Protective and con- 
trol systems insure pro- 
tection of the equipment 
and prevent injury to 
personnel operating the 
equipment. 
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Home Freezer 


This five-cubic-foot home freezer employs a one-piece 
stamped and formed aluminum lid and main body of welded 
sheet steel construction. Designed by Karl Brocken and 
manufactured by the refrigerator division of the Amana Society, 
its lid gasket is specially designed to prevent the lid from 
freezing shut. 


With conventional white employed for the main body, the 
base is black and recessed to provide ample toe room. Tempera- 
ture-control knob, mounted just below the lid-locking handle, 
is of red plastic as is the hand hold of the handle which fits 
into a recess to prevent it from catching on clothing. Escutcheon 
plate used has a chrome-plated satin finish. The slightly 

raised center panel 


ope 2 i —_a gives a ribbing effect 


™y that serves to stiffen 

“4| the front of the box. 
Grill at the base is 
readily removable, 
permitting access to 
the compressor 
through the front of 
the freezer. Hinges 
are unexposed, being 
| built-in to the sides 
| of the box. The lid, 
being counter- 
| balanced, will stay 
open in any position. 
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Grinder and Honer 


Used for internal grinding and honing of two 
opposed conical surfaces—four operations that formerly 
required separate machines and operators—this ma- 
chine, made by The Cross Co., has an automatic operat- 
ing cycle controlled by a centralized pushbutton station. 
Its workhead has three spindles. Each is indexed from 
‘the loading station to the grinding station, from there 
to the honing station and then back to the loading station 
in ‘successive cycles. 


Manual control pushbuttons are provided for in- 
dividual set-up of the grinding and honing heads. 
During regular operation, these heads perform all their 
operations automatically. The grinding heads move into 
working position with the wheels oscillating, then the 
wheels are fed for rough grinding, retracted for dressing, 
fed for finish grinding and retracted to clear the work. 
The honing heads move the honing tools into the work 
and feed them against the tapered surfaces with auto- 
matic compensation for stone wear. Grinding coolant, 
flushing fluid and honing compound are contained in 
separate built-in tanks. 
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MACHINE DESIGN welcomes comments from readers on subjects of interest 
Payment will be made for letters and comments published 


to designers. 


. . » Opinion was sound’’ 


To the Editor: 


G. V. Woodling’s argument in your February issue that 
“Group Invention Must Be Upheld” may be sound, but 
it would be more apparently so had he not cited the 
Supreme Court’s opinion in the Marconi cases. Yet it is 
that very citation which evokes the approval of Dr. Elek 
Benedek in your April issue. As a matter of fact, this 
opinion of the Supreme Court on June 21, 1943, was as 
sound as any opinion ever handed down by any court. 
I have personal knowledge of the facts and can testify to 
this, nevertheless it was quite irrelevant to the upholding 
of group invention. 

As an example of popular misunderstanding on this sub- 
ject I quote Mr. Woodling’s own statement that “Prior to 
Marconi’ discovery, the greatest scientists and electrical 
wizards of the day were unable to send wireless messages 
much more than eighty miles. Marconi lengthened the 
arc to six thousand miles”. It is a fact that eighty miles 
was for years beyond even Marconi’s dreams, and half 
that, as a dependable working distance, would have been 
invaluable to the British in the Boer War of 1899-02. Yet 
Marconi’s men were there-and their attempts to establish 
wireless communication were abandoned as futile. As to 
the six thousand miles, I think Mr. Woodling must be 
quoting one of those “scientifically and technically illi- 
terate judges” referred to by Dr. Benedek, for that is about 
the distance from Rome to these shores. In this con- 
nection it is interesting to note that Marconi’s most power- 
ful and beautiful station was located at Coltano near Rome, 
and despite this the Italian government invited Cyril F. 
Elwell to build a Poulsen arc station, so urgently did they 
need wireless communication with America during World 
War I. This Elwell did, and for so doing was decorated 
by the Italian government and earned for himself the title 
of “the man who put the are in Marconi”. 

While on this subject, it may be pertinent to state that 
Marconi’s presumed receipt of three S’s at Signal Hill, 
Newfoundland from England in 1901 has never since 
been repeated vr paralleled with similar power and equip- 
ment. Moreover, no skilled wireless telegraph operator 
took part in that experiment and no independent authority 
affirmed its results. 

—ARTHUR H. Morse 
Elmhurst, L. I., N. Y. 


PROFESSIONAL 
VIEWPOINTS 


To the Editor: 


The Marconi case was cited in my article as an exay 
to illustrate the point that the test for invention shoul 
based upon whether or not the thing invented gives 
proved results over the old, and not whether the inves 
had a flash of genius at the time he made the invent 


Essentially, the Supreme Court decision, in holding # 


broad claims of the Marconi patent invalid, was ba 
upon the fact that what Marconi created was not the 
sult of a flash of genius. 
its decision upon whether or not the Marconi discow 
constituted an engineering achievement, then the bn 
claims would no doubt have been held valid. The rea 
this decision has a bearing upon group invention is that 

group invention it is generally found that no one in? 
group had a flash of genius at thertime that the gu 
made the invention. Therefore, the flash of genius test 
employed by the Supreme Court in the Marconi case 0pj 
ates to invalidate invention made by a group. 


—GEoRGE V. Woonil 


‘subject matter well balanced’ 





Had the Supreme Court bag 








To the Editor: 


The number of trade and engineering magazines now 
the field serves to emphasize the tremendous editorial 
of producing a well balanced magazine and in this 
I wish to comment that your February, 1945, issue 
Macuine DesIcn represents a fine choice of subject 
ter. 


—Prter F. RossMANN, Gen. Mgr. Development Dio. 
Curtiss-Wright C 


‘*  . . cost will not vary greatly” 


To the Editor: 


I have just finished reading the article “Selecting ) 
for Speed Control” by E. L. Schwarz-Kast of the Am : 
Research Foundation which was published in the Ju 
issue of MACHINE Desicn. I thought perhaps some ® 
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ts which came to our minds while reading the article 
id be of general interest. 

you may suspect, this has to do with the so-called 
j-Leonard or Variable-Voltage System. These are 
. well described by the author, except perhaps from 
standpoint of cost, economy, maintenance, and space 
ements. On Page 172, under “First Cost” we note 
qthor says this equipment is higher in cost than the 
ric resistance methods but no decisive difference as 
pared with hydraulic and mechanical devices. In our 
ion the equipment is higher in cost than the ordinary 
ior with the resistance speed control method, that is, 
it fields, etc., if no consideration is given to the cost of 
direct-current generation equipment and plant distri- 
m. If a proper portion of the cost of the direct-current 
ducing equipment, the distribution and the direct- 
ent motor starting equipment are added, the cost 
not vary greatly from the Ward-Leonard system in 

cases 


S an exam 
: the case of hydraulic equipment we have found that 


















on should f 

ed gives gett @ system consists only of a central pump and several 
the invesftders, it is generally favorable when compared to the 
he inventif'tic: However, if the hydraulic motion is extremely 


srequiring a single long cylinder, or possibly a hydrau- 
motor, economy very rapidly swings in favor of the 
trical equipment. In the case of mechanical devices 
titude of items are covered. In some cases electrical 
ipment does represent a cost saving, while in others 


holding 
» Was Da 
s not the 
Court bas 
ni disco ‘. 
n the brig” not. 

The reagptder “Electronic Control of D-C Motor” on Page 174 
n is thatwg Comment is made “instead of the roomy motor-gen- 


) one in| 


t the gro 





erator set there is only a small space for the transformer 
and the control panel required.” Above 3 hp this does not 
seem to be right to our minds. As you know, we make 
both the electronic and the rotating equipment and we find 
that horsepower for horsepower the space required is 
about the same. 

—PauL W. ARNOLD 


Reliance Electric & Engineering Co. 


. . . conducive to easy reading”’ 


To the Editor: 


I have read with considerable interest the Engineering 
Data Sheet, “Improved Methods for Calculating Torsional 
Vibration” by R. H. Scanlon. The subject has been pre- 
sented in a manner conducive to easy reading. 

However, I believe that the conventional Holzer method 
is less time-consuming for ordinary internal combustion 
engine work. Usually, the designer can guess (from ex- 
perience) or estimate the first and second normal mode 
frequencies with sufficient accuracy so that only three or 
perhaps four Holzer calculations are necessary for each 
frequency. This is especially true for systems having rela- 
tively few degrees of freedom. ° 

The iteration method outlined in this article undoubt- 
edly is easier to use for systems with many degrees of free- 
dom and also when several modes are desired. 


—SHERMAN VANNAH, Vibration Engineer 
Aircooled Motors Corp. 
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“You and your air-conditioning ideas!” 
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of Engineering Parts, Materials and Process 


Coupling for Belted Drive 


O PROVIDE ample range of adjustment for belt ten- 

sion, a flexible shaft coupling is utilized to drive the 
hydraulic pump for the selector mechanism of the Gisholt 
turret lathe shown at the right. The belted drive operates 
this pump through the coupling, delivering a constant 
supply of oil under 400 pounds pressure. Tension of the 
V-belt may be adjusted as required without disturbing 
the arrangement. 


Aids Aircraft Design 

HYSICAL qualities and forming characteristics of 

Haskelite Plastiply facilitates design and assembly of 
helicopter side panels shown in the R-6 military helicopter, 
below. The laminated plastic panels feature unusually 
high strength-weight ratio, good insulating properties, and 
resistance to oils, acids, alkalis, weathering and fungus. 
Panels are molded to shape during the curing process 
assuring satisfactory mass production assembly. 





Die-Cast Oil Seal 





ns 








ANCHOR 
PIN 







INTERLOCKING 
MEMBER 





DIE CAST 
PLATES 


SPRING 





DIAPHRAGM — MEMBE 


d with a4 


to galvanic corrosion when supplie 


INC alloy die castings are utilized for the two spring-loaded mat- similar metal sealing member, the 


. t 
ing parts of the Chicago Rawhide oil seal, right above. Provid- . widely used in army tractors, machine © 
ing the necessary strength and toughness along with good resistance washing machines, etc. 
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Design Formulas for 


Three-Link Screw Mechanisms 


By William H. Rasche 


Professor of Mechanism 
Virginia Polytechnic Institute 


ITTLE is to be found in textbooks concerning 
three-link screw mechanisms, while the available 
information is presented in such a manner as to 

be of little service to the designer. What the designer 

wants is a mathematical formula that will not only help 
him to understand the behavior of the device but will 

also enable him to design it to fulfill the conditions im- 

posed by the application. Such formulas are presented 

‘in this Data Sheet. 

Three of the four screw mechanisms with which the 

data sheet deals are of great practical importance to the 

engineer. The fourth (Fig. 4) which has three screw 
pairs has not, to the author’s knowledge, been used 














Fig. 1—Three-link screw mechanism with one turning 

Pair (1,2), one sliding pair (1,3), and one screw pair 

(23). For this case the following relations hold: 
T2: =0; Nsi1=0; L21=0; Lsi== 


hitherto, but it is possible that practical applications of 
it might result if its characteristics were better known. 
_Derinrrion: A three-link screw mechanism is a com- 
bination of three links, each of the links being paired 
fo each of the others by a lower (surface contact) pair, 
and one at least of the pairs being a screw-pair. 


Ciassirication: Three-link screw mechanisms are 
of four kinds: 


ae 
of pevivations of these basic formulas will be found in a bulletin 
Ma Polytechnic Institute, Engineering Experiment Station 
ened 0. 58, on “Classification and Kinematic Analysis of 3-link 
Mechanisms”, by the author. 
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1. One screw pair, one turning pair and one 
sliding pair, Fig. 1 


2. Two screw pairs and one sliding pair, Fig. 2 


3. Two screw pairs and one turning pair, 
Fig. 3 


4. Three screw pairs, Fig. 4 


Conventions: The following four conventions are 
indispensable to the correct use of the formulas: 


I. The observer stands on the left of the 
mechanism and looks at it from left to 
right 

II. The symbol representing the angular dis- 
placement or angular velocity of one link 
relative to a second takes the positive 
or the negative sign according as the first 
link rotates relative to the second in a 
clockwise or counterclockwise sense 


III. The symbol representing linear travel or 
displacement of one link relative to a sec- 
ond takes the positive or the negative 
sign according as the first link moves rel- 
ative to the second from left to right or 
from right to left 


IV. The lead of a screw pair takes the posi- 
tive or the negative sign according as the 
screw pair is right or lefthand. 


Basic Formu.as: The following group of formulas, 
A, B and C, are basic relationships* which apply to the 
most general case of a mechanism with three screw 


pairs, Fig. 4. For the other three mechanisms, certain * 


terms drop out, as indicated in the captions for Figs. 


1, 2 and 8. Explanation of the symbols is given in the 


Nomenclature on Page 148. 


Formulas A 
Txa= (Nat) La —TEELETEECETELAT ET ee (1) 
Ta= (Nat) La Sete e wi R0eb eS £ON SOE eS CON REDN SS 8UEN G (2) , 
Ts= (Not) Los on a6 & eed oe ia oe 2 ees 206) OSS eee oe (3) 
Formula B 


Tat+Tist+ Tx= 0 
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ENGINEERING DATA SHEET Formulas F sd 
Tx = LyLy— Ln Ls 
Heredia C ; hy ja A n / 
Nat+Nist+Not=0 Ts - at ten, Me 
Derived Formutas: The remaining group of for- Tx Lnlu—Inla °° 2 
mulas, D, E, F, G, H, I, J, and K are derived from the 
* foregoing basic formulas, and apply to the general case Tis — LisLie—LisLes ] 
of a mechanism with three screw pairs, Fig. 4. For the Ta * Ile teada, <8" 3 0 ee ( 
other three mechanisms, certain terms drop out, as in- 
dicated in the captions for Figs. 1, 2 and 3. 
Formulas G For 
Formulas D oe Bente? : 
Nut _ ee Te _ [| a is ET (l 
Nat” Long ee 
t= Ly3— La Tn ‘9 ; 
Nust_ an a on Ln(Lm=La) Nyce een Q 
Net” LuwLg eens 
a Lis— Les T2 3 
Nut_ bet. - Le(LunLa) Ng eee 
Not” LewLg eee ) 
Ses Liu—Lie Te (4 
Ln(Lu—Lu) Nog Utter For 
peg es ee i 
| Tu(Lu—La) Ng UUs 
Bee. ee ee ) ie 
f Ly3(Liz— Ls) Nx 
i 
: 1 
3 
i Nomenclature 
Fig. 2—Three-link screw mechanism with one sliding Nu = — N, = Angular velocity of link 2 relative to 9 For 
Pair (1,3) and two screw pairs (1,2 and 2,3). For this link 1, revolutions per minute 
case the following relations hold: Ns:1=0; Ls=@ N;, = — N,, = Angular velocity of link 3 relative to 
link 1, revolutions per minute 
N., = — N;. = Angular velocity of link 2 relative to 
Formulas E link 3, revolutions per minute 
Nat ee oe T., = — T,, = Linear travel or displacement of link 
T.. sgt | BO BAY PEERED Rn Oe Se (1) 2 relative to link 1, inches “ 
‘ T,, = — T,,; = Linear travel or displacement of link 3 
‘ relative to link 1, inches 
Pa _Lu(La-Lu) SES se arte ine Oo a eet Cee (2) T.3 = — T . = Linear travel or displacement of link 2 
Nat Ln—Ln ; relative to link 3, inches 
N,,t = —N,,t = Angular displacement, revolutions, o 
Nut Lu-Ln _ (3) link 2 relative to link 1, where ¢ is in 
Ta Ln(Lu=La) ee pore 
N,,t == — N,,t = Angular displacement, revolutions, of 
Ti _ Lie (Lis— Lie) (4) link 3 relative to link 1, where t is @ 
Nat InaLg ee aiheeiie 
N,,¢ = — N,.£¢ = Angular displacement, revolutions, of 
Nist Li2— Les 5) link 2 relative to link 3, where ¢ is m 
ee ee Ee 5 ork 00.0.6) 5.9 6 6.40.06.0 69-6 bee lewd es minutes 
or L,, = L,, = Lead of screw pair 21, inches F 
OT ee ae L,, = Ly = Lead of screw pair 31, inches in ; 
a Parieigne + gna e ie wrdcele Stes EN Kile drele a Ee (6) L., = Ly» = Lead of screw pair 23, inches 
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sell ti Nat—Nat F 
into the use of the formulas and the characteristics of 
(Net) Lu— (Nut) L three-link screw mechanisms, numerical examples cor- 
of La= ~ tt = SE Pe ee Te ee (2) responding to certain of these problems are worked out 
es Nut—Nat in the following: 
g: 
EXAMPLE 7’: For the three-link screw mechanism, 
a (3) Fig. 2, given Ly,=0.4-in. RH, Los=0.75-in. LH, 
Not—Nut (Ls, = 0 ), and T31 =6 in. L to R; required T 21, T 23, 
Nojt, Nost, and Nait. 
1. From Formula F1: 
Formulas I 
Li2Les 
Tx—Tx Ts Li 
antl NN Se aT en cee RO a (1) Lyle— Lela La 
—N. t F T: = 7; = T 1 
_— “" bhovteda kage ’ 
T3— Tx 
oa earner on st og Be ol gee caine es eae —0.4 
Q In Nost— Nat , (2) = x 6=2.087.in. travel, Lto R 
Tx— Tx 
ate la= 2 Nat Se ea ica OR et a ee ek sala S low a eens (3) 
i] 
er (48 Formulas J 
Tu—T3 
es cc cc cn bb ewido eacles sles geid-on (1 
‘at Gl Ta(Va—Na) 
Ts—Tx 
ee 6 La(Na—Na) See Ee Pe RSS ENE 
Tu~-T xs Fig. 3—Three-link screw mechanism with one turning 
a om (N —N y Re en ee ieee ek ee ee eee (3) pair (1,3) and two screw pairs (1,2 and 2,3). For this 
ra Bey 34 case the following relations hold: Ts:=0; Ls:=0O 
itive to § Formulas K 2. Formula B gives: 
itive to “ » (1) T= Ti3+ Ta=Tu—Ta 
ee es ks 6008 010 e 6 ee 0 0b ele ee © 
Tut+(Nat) (Ls—Ln) 
agin = 2.087—6=—3.913-in. travel, R to L 
link = hn ae ulas Al, A2, and AS: 
of + (Nut) | aay 6 O16) 6S 60 2 6 0 6100000 6.6 0 0'e 410.5 } 4 From Form as : , an : 
ae eee Tala (3) Nota gee a6, 217 revs, clockwise 
link 2 ; , we (Nut) (Lu— La) 66:06 68 6b é:t-0 610 6's 40,04 6 60% % 21 . : 
TL Nat= Tn =——-=0 (obvious from the figure) 
ms, bf Ly= — NPE te: Ie a (4) a 9 
t is in Tis+ (Nast) (Li2— Les) 
ns, of Ene T2Lis (5 Not=" = ee 217 revs, clockwise 
os ee rao cc ccc ccc vecceccccccececes 23 = 
} is in Ti+ (Not) (Lis— Lz) ' 
EXAMPLE 7”: for the three-link screw mechanism, 
ns, of —_ Talis (6) Fig. 2 4 given ba = 0.75-in. LH, (Ls = = 6 a Noyt= 30 
as iw Neia-ke) eee revolutions, clockwise, and T;,=6-in. travel, L to R; 
required To, To, Lo, Nost, and Nat. 
PRoBLEM SoLUTION: In selecting the formulas to use 1. Since N.,t obviously is equal to Nogt, from For- 
i a particular problem, the table on Page 151 pro- mula A3: 
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(Nat) La ial (Nat) Ln 











































Fete e ee eect eee eee seen ees (1) vides a convenient reference. To give further insight 
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Tx 200 


ENGINEERING DATA SHEET Nut=5" =e 





2, § 








T= (Nust)Lus= (Nut) Los ; =—80 revs. counterciockwise 0 
=30(—0.75)=—22.5-in. travel, R to L 8. From Formulas B and AS " 
2. It follows from Formula B that T= Tis+Tx 
T2= Tu+Tx»=6+ (— 22.5) = —16.5-in. travel, R to L =0+200=200 in. travel, L toR 
8. And Formula Al gives in Tx _ 200 sili aia: shai 
— veilton 
In= Nut 30 eee Ge EXAMPLE 10”: For the three-link screw mechanigh | 


Fig. 1 (Le,=0), given Lo3=0.2-in. RH, (Ly,=aff Fig 

4. Inspection of Fig. 2 shows that N,,t=0. This Ts; =5-in. travel, L to R; required Nyt, Nogt, and 1 04 
follows also from equation C since, as already pointed 1. Inspection of Fig. 1 shows that No:t=Nost, al cor 
out, Noit = Nost. T32=T73;=5 in.; therefore T.3 = —5-in. travel, R tol tur 


Alternatively: If only L., is wanted, it can be found 2. From Formula A$ 





Tx 
N. =N. t= ‘ x 
aal 21 a : 
5 a) 
= ———=-—25 revs, counterclockwise 
0.2 
Alternatively: 


\ 
\ 
AAS 


- _ . AI 


\, ey 1. No;t (=Nogt) can be found from Formula 4“ 7 


follows: 


~ 








Ls cs 
rf Ls 

: ° - Nat=— ————_ Tn s 
/ Fig. 4—Three-link mechanism with three screw pairs Lu—Ln 

: 0-1 Re | 
; more directly from Formula K1 in which, since Lg; is — en revs, counterclockwise 


equal to infinity, 
2. Similarly T.3 can be found from Formula 2 | q 











Txt+ (Nat) (Lo— Ln) =0 thus: 
that is, se 
T= Las Lus—Lu) (Nut) = — Ng) 
Spe lige +1898) LIu~ Ln pee. 
21 Nut 23 30 ~ Tas 
=0.2—0.75=—0.55-in. LH 0.2-— 


ae : (—25)=—0.225=—5-in, travel 





ExaMPLE 10’: For the three-link screw mechanism, 
Fig. 3, given Lo3=10 in. RH, (L3;3=0), To, =200-in. ExamMpte 11’: For the three-link screw mechanisty 
travel L to R, and Nz,;t= —100 revolutions, counter- Fig. 1, given T;; = 15-in. travel L to R, Noy = 150 py 


clockwise; required Lo, Noit, T23, and Nogt. clockwise, (Lo,;=0), Log =0.5-in. LH, (Lsi= ao); 
1. From Formula K2 quired the time in minutes in which link 3 will mo 
its 15 inches from right to left. 
i“ Tal From Formula Gl 





£5 Tut (Nat) (La— Ln) 








Las 1 ‘ 
20010 m2 Ta__O-1_ 15 
- =—2.5i ake he a 
2004+(-100)(10—0) 2 LH oka Me 
: 15 
2. From Formula Al, =2X50 =0.2 min. = 12 sec 
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Wise 


’ mechanis 


, (Ly, =al Fig. 4, given Lo, = 0.75-in. LH, Los = 20 in. RH, L3;= 
ogt, and 18 0.4-in. LH, No; =50 rpm clockwise, N3,;t= 1000 revs. 
t= Nost, all counterclockwise; required the time in which link 3 


vel, R tol 


ckwise 


mula a 


ockwise 


rmula E 








August, 


ExaMpPLE 11”: For the three-link mechanism, Fig. 
9, given T3,= — 15-in. travel, R to L, No; =60 rpm, 
JJockwise, Lo, =0.15-in. LH, Lo3=0.3-in. RH, (L3,= 
~); required the time of the travel. 

From Formula Gl 


Las 








a heen ee ~15 

t= -La Na 0.8—(—0.15) 60 
: x =0.555-min = 33.3 ec 

ae a a Ree 


ExaMPLE ]1’’’: For the three-link screw mechanism, 


1. From Formula A2 


Tu= (Nat) La 
= (— 1000) (—0.4) = 400-in. travel L to R 


2. From Formula Gl 





ai Ly— Ls Tx = 20—(—0.4) 400 
Lu(Lu—LIn) Nun  —0.4[20—(—0.75)] 50 
= 5 x8=—19.662 min =—1179.7 sec 


The fact that t comes out negative indicates that for 


tus 1000 times relative to link 1. 


Guide to the Use of the Formulas 


the given leads and the given sense of rotation of link 
2 relative to link 1, link 3 cannot rotate counterclock- 


wise relative to link 1. 



























































Problem: Given: To find: Use formulas: 
1 Lead Travel A 
Angular displacement 
2 Lead Angular displacement A 
Travel 
3 Angular displacement Lead A 
Travel 
4 2 Travels 3rd Travel B 
5 2 Angular displacements 3rd Angular displacement C 
6 3 Leads 2 Other angular displacements D for an angular displacement 
1 Angular displacement 3 Travels C for 3rd angular displacement 
A for 3 travels 
= 3 Leads 2 Other travels F for 2nd travel 
1 Travel 3 Angular displacements B for 3rd travel 
A for 3 angular displacements 
8 2 Leads 3rd Lead H for 3rd lead 
2 Corresponding angular 3rd Angular displacement A for 2 travels corresponding to given 
displacements 3 Travels leads 
B for 3rd travel 
C for 3rd angular displacement 
9 2 Travels 3rd Travel B for 3rd travel 
2 Corresponding angular 3rd Angular displacement C for 3rd angular displacement 
displacements 3 Leads A for 3 leads: I to check 
10* 2 Leads | Unknown lead K for unknown lead 
Travel corresponding to 2 Unknown travels A for travel corresponding to given 
the unknown lead 2 Unknown angular angular displacement and _ corre- 
Angular displacement displacements sponding lead 
corresponding to one B for 3rd travel 
of the given leads A for angular displacements 
l* | 3 Leads Time in which the given G 
| 1 Travel travel will take place 
Angular velocity corre- 
sponding to one of the 
unknown travels 
a eres eS 
2 2 Travels Time in which the travels J 
Corresponding angular will take place 
velocities 
Lead corresponding to 
the unknown travel 











*See also corresponding worked examples. 
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Accumulator Has Safety Seal 


A HYDRAULIC storage accumulator which prevents 
collapse or rupture of the actuating bellows on ex- 
treme changes in pressure or even total loss of pressure is 
covered by patent 2,365,994 recently assigned to Electrol 
Inc. This compressed air type accumulator shown in the 
accompanying illustration is so designed that complete re- 
moval of hydraulic pressure traps an amount of liquid 
within the bellows sufficient to resist collapse. 

For operation, and with the bellows full of hydraulic 
fluid, air under pressure is introduced into the upper 
chamber. This may be of any suitable pressure—300, 
600 or even 1000 pounds per square inch as required—so 
that as the air is compressed by expansion of the bel- 
lows during operation, the accumulated pressure reaches 
the maximum desired in the system. On rapid release 
of fluid from the accumulator through operation or leak- 
age, the seal plate is forced downward with the bellows 
until it seats against an O-ring seal. This action traps the 
oil remaining within the unit to prevent further loss and 
subsequent collapse of bellows. 


~ 


Noteworthy Patents 





i ae Inlet 
t — 


Seal Plate, O-Ring Seal 
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This tubular hydraulic system accumulator will sustain a 
complete loss of fluid without collapse of the bellows 


152 










Locks Shifting Forks During Operation 


NEW shifting rail mechanism for heavy4 
change-speed transmissions automatically and 
tively locks the shifting rails in mesh position as thed 
throw-out lever is actuated. This design is coveri# 
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Fo 
Shifting Fork Cc 
Positive lock of the detents in this shifting mechani 
provides against displacement in operation jp 
Cc 


patent 2,368,139 recently assigned to the Internatio 
Harvester Co. Regardless of any change in the posit 
of the clutch lever created by clutch wear over a peti 
of time, the cam type locking arrangement functions si 
stantially unaffected. 

Detent notches in the shifting rails of this mechanis 
shown in the accompanying illustration are so design 
that the rail may be moved, shifting the spring-loaé# 
ball out of and into the detents, with maximum ease. 
was found, however, that locking action in a detent med 
anism of this type that was mild enough to permit ef 
shifting was sometimes insufficient to retain the % 
against displacement under severe duty conditions. T 
maintain ease of shifting and assure positive lock a6 
rails, a cam type lock bar and locking plunger are wall ¢ 
in this unit to hold the balls in their proper detents ™ 
power is removed from the transmission by release of th 
clutch lever. Movement of the lever rotates the om 
lock bar into release position by means of a push 10! 
and gear segment. Rails can then be shifted in and out 
gear as desired. 

Of particular advantage in this mechanism is the pr 
vision for clutch wear. As wear takes place, the oper 
ing lever moves further to the left and this in tum 
tates the lock bar counterclockwise to a greater d 8 
Approximately 180 degrees of wear take-up in this man 
is possible without disturbing the locking or release it! 
tions of the device. 
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AVAILABLE IN: 


Hot-rolled or forged rod and bar, cold-drawn rod, bar and 


Ss RUN 1 pl hee Gres 


FILING NUMBER 























on wire, hot-rolled and cold-rolled strip, tubing, sheet and plate 
ever 
ais . Ni Cu Al Fe Mn . Cc S 
shift ANALYSIS: 65 299 275 09 085 O05 0.15 0.005 
evers 
> . PROPERTIES 
a 
ULTIMATE STRENGTH ELONGATION IN 2 INCHES 
( psi) (per cent) 
od and Bar Rod and Bar 
Heteolied, as-rolled ................ «. 90-120,000 eee We be ri aa. ed 45-25 
as-rolled, age hardened....... 140-160,000 as-rolled, age hardened ............ 30-20 
ESTE rer 90-120,000 PN ae hie oc tse enech ans 40-25 
f - as-forged, age hardened ........ 140-165,000 as-forged, age hardened ............. 30-20 
@ Cold-drawn, soft, quenched ............ 90-110,000 Cold-drawn, soft, quenched .................. 45-35 
soft, age hardened ......... 130-150,000 soft, age hardened ............... 80-20 
I a 100-135,000 ee Ee ee ne 35-13 
y mechani as-drawn, age hardened .... 140-170,000 as-drawn, age hardened .......... 30-15 
eration fftrip Strip 
Cold-rolled, soft, quenched ............ 90-105,000 Cold-rolled, soft, quenched .................. 45-25 
soft, age hardened ......... 130-150,000 soft, age hardened ............... 25-10 
Internation 0 Sree 125-145,000 | SSE a ae Toe 20- 5 
the post half-hard, age hardened ..... 150-180,000 half-hard, age hardened .......... 15- 3 
300 EG dee actus ess a 145-165,000 i gt i acl gE RGR I 8- 2 
ver a peri full-hard, age hardened ..... 170-200.000 full-hard, age hardened .......... 10- 2 
nctions sugire Wire 
Cold-drawn, soft, quenched ............ 90-110,000 Cold-drawn, soft, quenched .................. 45-30 
- mechanis soft, age hardened ......... 1 30-150,000 soft, age hardened .............. 30-15 
spring temper ............. 144-175,000 
so designs spring temper, age hardened _160-200,000 
pring-loade BRINELL HARDNESS 
im ease. YIELD STRENGTH (3000-kg load, 10-mm ball) 
letent mec (.2% offset, psi) Rod and Bar 
permit 804 and Bar PPR rer cere Terese 140-240 
in the ™ Hotsolled, as-rolled ...............-. 40- 90,000 ane eee 
ditions. 1 as-rolled, age hardened ...... 100-120,000 eet 
Forged. as-f as-forged, age hardened ........... 265-310 
lock of t ON eee 40- 90,000 Cold-drawn, soft, quenched Fed 140-180 
are utilize as-forged, age hardened ........ 100-125,000 soft, age hardened ............ 240-280 
Cold-drawn, soft, quenched ............ 40- 60,000 aie. Se se 175-260 
letents ws! soft, age hardened ........ 90-110,000 as-drawn, age hardened ........ 265-320 
lease of th | SS ae Oe 70-100,000 
os the Ci. as-drawn, age hardened .... 100-130,000 
a push i ut IZOD AND CHARPY IMPACT STRENGTH 
o B Cold-rolled, soft, quenched ............ 50- 65,000 (ft Ibs) 
| an soft, age hardened .......... 90-110,000 
a cies cu 85-105,000 Charpy 
is the px half-hard, age hardened ..... 110-130,000 Izod U-Notch 
RS gs a tech we 105-120,000 EI FOP PEE Ee Pe 120 170 
the ope full-hard, age hardened ...... 125-145,000 — Hiot-rolled, age hardened .......... . 40t 61t 
in tum MPue SN Ss es 5 oc be Ge eee 56t 71t 
ter degtg old-drawn, soft, quenched ............. 40- 60.000 Cold-drawn, age hardened ......... 26 42} 
his manne soft, age hardened ......... 90-110,000 {Specimen fractured completely 
lease tm” 
tL MacHIne Desicn is pleased to acknowledge the collaboration of The International Nickel Company Inc. in this presenta- 
Tradename, 
ugust, 199 
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Yield Strength 
(.2% offset, psi) 
Temp As Age 
(deg F) Rolled Hardened 
SEES nee eee 49,000 111,000 
eae 45,000 108,000 
ES eae 43,000 106,000 
Se ose 44,000 103,000 
Se iar oG.e tad Guat 0.058 ,000 108,000 
Eee 86,000 105,000 
la iais aay th oh ead ,000 103,000 
EES a oe 89,000 105,000 
ees eee 39,000 98,000. 
ERS eee 42,000 92,000 
a a a ete ei ad 41,000 84,000 
ET Lkevate asked ,000 80,000 
SESS oowin nie oRis ome 34,000 48,000 
ki, on cig aa 17,000 30,000 
Gc tCRaeceeehebaw. 66eae 8,000 
LAGI EO lt ee aa ey oe eT 
EEE SIE Eo am 
Dt petisedbneais keke . 0s rear 
; aS SE en en ee 
NE tarat anc irei vie oigt neta 


LOW-TEMPERATURE PROPERTIES OF 
COLD-DRAWN, AGE-HARDENED MATERIAL 


, Tem- Yield Elonga- Reduc- 
S| pera- Strength Tensile tion in 2 tion of 
. ture .2% offset Strength inches Area Impact*® 
fi (F) (psi) (psi) (%) (%) (ft lbs 
Z Room 125,900 157,300 15.5 87.4 27 
L —110 134,600 171,550 17.3 41.1 27 
she Room®® 125,850 157,350 14.8 37.2 26 
hg *Impact tests made in a 225 ft-lb capacity Charpy machine using 
4 a stan Izod V-notch specimen. 
ty **Cooled to and held at —110 degrees Fahr. for several hours 
‘| prior to testing at room temperature. 
} PHYSICAL CONSTANTS 
: Weight (Ib per cu in.)................... 0.306 
i RS ee 8.47 
4 Melting Range (F) ..................... 2400-2460 
aA ees rat 1315-1350 
Mean Specific Heat (btu/Ib/deg F) 70-750 F 0.127 
(cal/gm/deg C) 20-400 C 0.127 
Mean Coef. of Thermal Expansion (in./deg F) 
EY gr ara gine ok ys wae v OWS 0.0000078 
ois st sandal wide « Bias 0.0000083 
‘ EIT ENRRS ie eae Sieg 0.0000089 
4 Mean Coef. of Thermal Expansion (in./deg C) 
Bh ec. aks ey urtnuetice 0.000014 
; ey 0.000015 
Ee ai se oe 0.000016 
Thermal Conductivity 
(btu/sq ft/hr/deg F/in.) 32-212 F.... 130 
(cal/sq cm/sec/deg C/cm) 0-100 C .. 0.043 
Elecerical Resistivity (ohms/cir mil ft) 32 F .. . 850 
; (microhms/cu cm) 23 C 58.1 
Electrical Resistivity Temperature Coef. 
(per deg F) 68-212 F .............. 0.00010 
(per deg C) 20-100C ................ 0.00018 
i Magnetic Transformation 
(deg F) soft quenched .............. below —210 
} Ms ss ys cont oats « below —150 
(deg C) soft quenched .............. below — 150 
é agehardened .............. below — 100 
* Modulus of Elasticity in Tension (psi) ....... 26,000,000 
in Torsion (psi) ........ 9,500,000 
Poisson’s Ratio (estimated) ................ . 








ELEVATED TEMPERATURE PROPERTIES OF HOT-ROLLED MATERIAL 
(short-time tests) 















AC 
Tensile Strength Elongation in Al 
(psi) 2 inches (%) Kn 
As Age As Age ine 
Rolled Hardened Rolled Hardened faci 
97,000 160,000 4-4 23.5 cen 
96,000 150,000 42.5 23.5 on | 
94,000 148,000 44.5 95 
92,000 149,000 42 24 e101 
91,000 146,000 43.5 24 a 
94,000 146,000 39.5 23 
88,000 135,000 83 16.5 
87,000 124,000 29.5 8.5 
82,000 109,000 19 5.5 
72,000 95,000 13.5 8 
70,000 84,000 12 p) 
63,000 80,000 2.5 15 
45,000 59,000 9.5 3.5 
36,000 45,000 22.5 8 
30,000 33,000 82.5 15 
15,000 21,000 53 23 
13,000 12,000 56 36 
10,000 6,000 65.5 47.5 
ieee 4,000 ye 61 
eas 3,000 is 81.5 
ENDURANCE LIMITt 
OF POLISHED SPECIMENS a 
(for 108 cycles, psi) tock 
Soft (quenched from 1450 F) ............ 37,5041; ho 
rE) coast i cece. outa 


Hot-rolled, age hardened ............... 
Cold-drawn, as-drawn ...........:...... 
Cold-drawn, stress-equalized annealed 
Mere er | 
Cold-drawn, age hardened .............. 





+Determined at room temperature on flat strip in special testi] to | 

machine operated at 10,000 revolutions per minute and desig to $ 

so that the strip is subjected to alternate back and forth bending to 4 
a flat spring. 

Note. 

CHARACTERISTICS he: 

° MOR 
A heat-treatable, corrosion-resistant wrought alloy of nid LU 


el, copper and aluminum, “K” Monel combines the ¢ Dril 
cellent corrosion resistance of Monel with strength and} $00 
ness greater than those of the latter alloy. Its strenggaills | 
compares with that of heat-treated alloy steel. It is sg st 
magnetic and retains its nonmagnetic and corrosion-resisigp "qu 
qualities in the fully hardered condition and at subnomgfeme 
temperatures, Due to its good spring properties, toga '™ 
with resistance to wear and to oxidation and damage u™ ™ . 
electrical contact conditions, it is used to advantage in 4" 
electrical field. It has higher elastic properties and gearing 
fatigue strength than Monel. ue 


APPLICATIONS 


“K” Monel is employed where the high corrosion re ; 
of Monel is required plus greater strength and haranes el 








ui 
Ari] 
M 


istand 


Typical applications are: Marine pump shafts and weall lack 
sleeves; oil pump drop and seat valves, valve disks and A , 
rods; diesel engine fuel-oil injection-valve seats and ace Cae 
ball bearing balls, races and cones; roller chain, link wy 
check-valve balls, shock absorber plungers, electrical -— 1 8 
parts, heat-treated wire springs, power cable sheab a: 1 
doctor blades, nonmagnetic instrument parts, high-toml 9 © 
speed-boat shafting, low-temperature service bolts : 1 






screws, machine screws, rivets, lock washers, etc. 


sth 
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FABRICATION 


CHINABILITY: 

Although most readily machined in the annealed state, 
) “” Monel may be considered commercially machinable in 
Age inel] hardnesses up to 275. Harder material can be 
rdened [ychined at slower speeds with especially hard tools 


n 




















3.5 cemented carbides) but this is not economical and usually 
3.5 bn be avoided by doing at least the bulk of the machining 
5 fore the material is age hardened. When the machined 
r at is to be used under corrosive conditions, a good 
3 nooth finish should be specified because rough, torn 
6.5 aces provide focal points for acceleration of corrosion. 
8.5 The regular high-speed steels and high-speed steels 
“y Jus cobalt referred to as super high-speed steels are satis- 
9 ory cutting materials. Cast nonferrous and cemented- 
15 urbide cutting tools are satisfactory when used under 
3.5 onditions affording a rigid tool set-up. 

: A suitable cutting lubricant should be used in all ma- 
3 hining work on this alloy because it is characteristically 
f sticky”, tending to gall or build up on tools. Sulphur- 
7.5 aring cutting oils, copiously force-fed to the cutting 
: 5 ge of the tool, are recommended for high-speed steel 


pols. A coolant of soluble oil and water consisting of one 
art emulsion to ten parts water is suggested for cast non- 
sous and cemented carbide tools. All sulphur or lead- 
pearing cutting oils must be removed thoroughly before the 
naterial is subjected to thermal treatment. Sufficient 
tock should be allowed to insure overall machined finish on 
7,500-41,g@ hot-rolled bars. Recommended oversize allowances are 
1,000-49,@iven in the following table: 


i, 
43,000 


000-463 Size 
“00 (inches) 


| 
i! 


llowances for Finish Machining of Hot-rolled Products 


Allowance Allowance for Flats, 
for Rounds Squares and Hexagons 


Pp to 7/8 incl. ...... bag od. § neck 1/8-in. 
pecia ows 0/0 incl. ...... ee 3/16-in. 
th bending @ 1027/8 incl, ...... i. Sere 3/16-in. 

to 4% incl, ......... Sat marries $/16-in. 


Note—Allowance for rounds is made on the diameter; allowance 
bt fats, squares and hexagons is made on each side. 


lloy of nich ING: 
nes the @ Drills with polished flutes are preferable, being reground 
h and has soon as signs of dulling appear. Cobalt high-speed steel 
Its streng@itills (super-high-speed ) are superior to regular high-speed 
It is nagool steels, In hand feeding, sufficient continuous pressure 
jon-resisiiqg tequired to keep the cutting edge of the drill underneath 
t subnormte metal constantly. If the drill is permitted to dwell, it will 
es, togeliqpolish and harden the metal at the base of the hole, not 
mage uialy making it difficult to resume cutting, but dulling the 
tage in tril and sometimes resulting in breaking the drill when the 
and greigptting edge does dig in. A copious amount of sulphurized 
wutting oil should be flowed onto the cutting edge of the 
nll, Suggested feeds and speeds for drilling unhardened 
\ Monel are listed in the following table: 


Suggested Feeds and Speeds for Drilling 


mn PS SHA 
d hardn' ' F 
nd wearigpall Size Speed per Rev. 
5 and pt ) (ft per min) (rpm) (in.) 
nd need «= «8 25 765 0.002 
tink soy 4 30 460 0.003 
Reryiie HEY, 30 230 0.005 
ical com! 0.007 
oa 0.010 
e ne 0.012 
0.012 
c. 0.012 








b oe: 
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REAMING: 


Spiral-fluted, high-speed steel reamers with narrow lands 
and well-polished flutes are recommended, being kept sharp 
at all times. Adequate lubrication with sulphurized oils 
is necessary to prevent digging and chattering. Reaming 
feeds are approximately twice the recommended drilling 
feeds for the same size holes. Reaming operations should 
not be “pushed” because the metal is apt to tear and 
wedge between the cutting edges of the reamer. Amount 
of material to be removed by reaming varies with the hole 
size. Recommended amounts of unhardened “K” Monel 
to be removed by reaming in various size holes are listed 
below: 


Hole Diam Material to be 
(inches) Removed 
1/8 to 1/4 0.005-in. on diam 
1/4 to 1/2 0.005 to 0.008-in. on diam 
1/2 to 1 ézx-in. on diam 
1 to 2 ez to s:-in on diam 
TAPPING: 


Because of the alloy’s characteristic toughness, tap-drill 
sizes specified should be slightly larger than those generally 
considered standard. A good rule is to specify a tap-drill 
size that will result in a 75 per cent tapped thread. Ac- 
tually, inasmuch as the material will flow into the roots 
of the tap threads, what is essentially a full-depth thread 
results. 

Unheat-treated material is tapped at approximately 10 
to 15 feet per minute. Particularly when high-nickel 
alloys are used for both the male and female threaded 
parts, good clean accurate threads are essential because 
these alloys are not good bearing metals against themselves. 
If dull taps are used, the poorly formed threads resulting 
may cause serious seizure of the threaded parts. 

Some tap manufacturers have developed special taps for 
the tough, stringy alloys and these can be used to advantage. 
Because of the tendency of this alloy to gall on the tap, a 
good cutting lubricant copiously applied is essential. 


GRINDING, POLISHING AND BUFFING: 

It is of great importance when performing these opera- 
tions to avoid excessive heating because this would affect 
the hardness of the material. For this reason, grinding of 
hardened material is done under water or other liquid 
coolant. Because it is nonmagnetic, “K” Monel cannot be 
held in magnetic chucks for surface grinding. Having 
greater hardness than Monel, it will take a higher polish. 


FORGING: 
This material can be forged in dies or by hand methods 
into almost any shape that can be forged in steel. Forged 
parts are stronger than those of bronze or of unheat-treated 
carbon steel. Success in forging depends largely on proper 
heating. Commercial forging is done between 2150-1700 
degrees Fahr. Light forging is done down to 1300 degrees 
Fahr. to produce high tensile parts. Extreme care must be 
exercised in working the material below 1600 degrees 
Fahr. Heavy forging, drop forging and bending are best 
effected at temperatures ranging from 1900 to 2150 de- 
grees Fahr. Being stiffer than steel at forging temperatures, 
“K” Monel requires more powerful machines than does 
steel for comparable forging operations. “Overhauled” 
(outer oxide-containing skin removed) material should be 
specified for drop forged parts. 
(Concluded on next Page) 
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COLD WORKING: 

In the soft (quenched) condition, this material can be 
drawn, formed, upset, bent, swaged or otherwise cold 
worked. More power is required than in forming copper, 
brass, aluminum, mild steel and Monel. However, with 
proper tooling, the high ductility of the material permits 
severe deformations without damage. Increases in tensile 
strength due to cold working and cold working plus age 
hardening are shown in the following table: 


Nominal Tensile Strength of Cold-Worked 
and Cold-Worked, Age-Hardened “K” Monel 


Amount of Cold- Cold-Worked, 
Reduction Worked Age-Hardened 
(per cent) (psi) (psi) 
__ RO re ae ee RN oi eS ccd 2 ahs 150,000 

) ERS Sega NS 8 S56 55 Gc oe 155,000 

Oe ie ie Aa I > cia iv eich 165,000 

eae wre etre ASS 180,000 

ee es RR RCS SE Ri 190,000 
WELDING: 


Welding can be done by either oxyacctylene or metal 
arc. After heat treatment, properties of the weld are not as 
high as those of the parent metal because the weld is not 
subjected to cold work. Like the parent metal, however, 
the weld is nonmagnetic. After welding, thermal or chemi- 
cal (passivation) treatments are not required to retain or 
restore corrosion resistance. The coefficient of thermal 
expansion of “K” Monel is practically the same as that of 
steel. Thus, warping and buckling resulting from a weld- 
ing operation is essentially the same as for a similar construc- 
tion of steel. 


SILVER BRAZING AND SOFT SOLDERING: 


Both processes can be used and of course joints made by 
silver brazing are stronger than those that are soft soldered. 
The oxide film generally present on “K” Monel must be 
thoroughly removed by mechanical (emery cloth or wheels ) 
or chemical (pickling) means before attempting any braz- 
ing or soldering. A special flux is recommended for silver 
brazing. Acid base fluxes are required for soft soldering 
as rosin is not sufficiently active. 

Strength of a properly made silver-brazed joint should 
be approximately 50,000 pounds per square inch in tension 
and 30,000 pounds per square inch in shear at room tem- 
perature. These values can be used in design calculations 
with a factor of safety of five. Maximum temperature to 
which silver-brazed joints can be expected to carry an ap- 
preciable load is 600 degrees Fahr. and at that temperature 
their tensile strength is about 50 per cent of its value at 
room temperature. 


HEAT TREATMENTS 
ANNEALING: 


Where the material must be softened for machining or 
further cold working, annealing is required. This is best 
done by heating to proper temperature for prescribed periods 
of time and quenching in a bath of water to which has been 
added 2 per cent by volume of denatured alcohol. Softening 
is ‘effected by holding at temperatures ranging from 1450 to 
1800 degrees Fahr. for specific time periods and then 
quenching. It is extremely important that cutting lubricants 


















or drawing compounds be removed completely before 9 
jecting the material to annealing temperatures, 


AGE HARDENING: 


This material is hardened by a single heat treatment ¢ 
sisting of aging at the required temperature. Parts mag 
the soft material, such as forgings, annealed or hoteglh 
rods, cold-drawn rods over 1% inches in diameter, and 
temper wire or strip can be hardened by holding fg 
hours at 1080 to 1100 degrees Fahr., followed by fur 
cooling at a rate of not more than 15 degrees Fahr, perky 
down to 900 degrees Fahr. From thence on to room # 
perature cooling may be effected at any rate. F 

Moderately cold-worked parts such as cold-drawn m 
half-hard strip, cold-upset pieces and intermediate-te 
wire receive the same hardening treatment, possibly } 
held at temperature for less than the 16 hours presorih 

Fully cold-worked parts such as those made of full-ha 
strip, spring wire or heavily cold-worked material general 
are held at 980 to 1000 degrees Fahr. for 6 hours or long 
followed by cooling to 900 degrees Fahr. at a rate not e 
ceeding 15 degrees Fahr. per hour. Age-hardened parts « 
be stress relieved by holding in the furnace at 525 degre 
Fahr. for 3 hours. 


RESISTANCE TO CORROSION 


Like Monel, “K” Monel is resistant to most acids, alkalieg 
salts, waters, food products, organic substances and atm 
pheric conditions, both at normal and elevated temperature 
In sea water, it is particularly useful for vital parts whe 
high velocity effects are encountered. However, where e 
posure in sea water permits accumulation of marine growti 
or other deposits due to stagnant conditions or low-velocit 
effects, some local attack may occur. In indoor atmospheri 
exposure, it either remains bright or undergoes slow fogging 
In outdoor urban atmosphere, tarnishing is relatively rapi 
developing with time into a green coating. In marine # 
mospheres a layer of fine corrosion product accumulates 
“K” Monel is not useful in highly oxidizing acids such 4 
nitric and nitrous, and has only limited usefulness in sulphu} § 
ous acid except in cold, dilute solutions, . 


GALVANIC CORROSION 


In neutral salt solutions and waters, “K” Monel, nick 
copper and high copper alloys may ordinarily be coupl 
without seriously accelerating attack on any of the mater 
In sea water it is wise to avoid couples of yellow brass 
“K” Monel where the exposed area of the latter is m 
times that of the brass. With approximately equal areas, 
where the area of the “K” Monel is smaller than the bras 
such couples are safe. 






















MATERIAL DESIGNATIONS 


In the form of hot-rolled rods, cold-drawn rods, fo ging 
cold-rolled strip, and cold-drawn wire, “K” Monel is om 
ered by Federal Specification QQ-N-286 and Navy Speciié 
tion 46N5a. When specifying hot-rolled rods or for ne 
qualify by using the wording “Hot-rolled or forged” or #8 
rolled or forged, heat treated,” as desired. When spec! 
cold-drawn rods, qualify by using the wording “Cold-d 
or “Cold-drawn, heat treated,” as desired. 
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Bronze is an eternal metal. Time, 
weather or atmospheric conditions leave 
it untouched. Evidence of this can be 
gained from the implements fashioned 
by primitive man. Many such articles, 
buried since 2000 B.C., are still in their 
original condition. This is but one reason 
why bronze is the ideal metal for bearings. 


BRANCHES IN 
§ INDUSTRIAL 
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Manufacturers of equipment, designed to 
operate in all kinds of weather, find 
bronze sleeve bearings add years of effi- 
cient service. In addition to performing 
all the functions of a bearing, they cannot 
rust . . . they do not disintegrate. 


Alert manufacturers, looking for ways and 
means to improve their product will do 
well to consider bronze. Our engineers 
are ready to help you select the correct 
bearing for each application . . . the one 
that will give the greatest service . . . for 
the longest period of time . at the 
lowest unit cost. Why not write—TODAY? 


JOHNSON BRONZE CO. 
525 SOUTH MILL STREET 


NEW CASTLE, PA. 


Inc 
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Plastics in Practice 


By John Sasso, managing editor, Product Engineer- 
ing and Michael A. Brown Jr., Monsanto Chemical 
Co.; published by McGraw-Hill Book Co. Inc., New 
York; 185 pages, 7% by 10% inches, clothbound; avail- 
able through Macuine Desicn, $4.00 postpaid. 


For the designer contemplating the use of a plastic for 
a machine part, a general all-round idea of some of the 
successful present-day commercial applications would be a 
great help in making a reasonable selection. This book 
provides such a background for the reader. Properties, 
methods of fabrication, design, and cost factors are covered 
by discussion of more than one hundred “case” studies of 
practical applications. 

A brief introduction sets forth the most essential facts 
on the various plastics—specifically synthetic organic poly- 
mers—along with the various processes. These facts are 
more fully developed in each particular design covered in 
the remainder of the text. Each one discussed presents 
a different combination of problems which were solved, 
giving the designer the answers to many questions which 
arise in choosing a specific plastic. 

The book is definitely not intended for the plastics 
chemist or researcher in plastics, but rather for the de- 
signer who desires practical readily assimilable and highly 
usable on-the-job information. 


owe: ae? 


A.S.T.M. Standards—1944 


Published by the American Society for Testing Ma- 
terials, Philadelphia; in three volumes, 6084 pages 
5% by 8% inches, cloth or half-leather binding; avail- 
able postpaid through Macmne Desicn, $10.00 each 
part, $4.00 each supplement each year. Half-leather 
binding, $1.00 extra for each part and each supple- 
ment. 


An invaluable aid to engineers of all industries engaged 
in the production, purchase or application of materials, 
this new A.S.T.M. book of standards contains in their latest 
form all the Society’s widely-used specifications and tests 
for engineering materials. , 

The 1944 edition—a year in advance of the normal pub- 
lication date—contains some 1235 specifications and stand- 
ard methods of testing, both formal and tentative. Al- 
though greatly expanded, the book is again issued in three 
parts, divisions being as follows: 

Part I—Metats: This most widely used part has 2098 
pages and 385 specifications and tests. Of these, some 
225 cover ferrous metals—steel, cast iron, stainless auoys, 


a BOOKCASE 








etc. The balance apply to nonferrous metals, copper ; 
nesium, aluminum, etc. Chemical analyses of mets) 
not included since these methods, standards and m 
mendations for ferrous and nonferrous metals, are q 
in a separately published volume. 

Part II—NONMETALLIC MATERIALS—Constrvcmy 
This part, with 1696 pages, has 447 specifications 
tests. Extensively used data include that on cay 
brick and building tile, concrete and aggregates, et 
great many new or revised specifications cover por 
cement, insulating materials, paints, and plywoods, 

Part III—NoNMETALLIC MATERIALS—GENERAL: 
ifications and tests in this part, 440 in number, rep 
many of the newer phases of A.S.T.M. work on suchi (p 
as plastics, soaps and other detergents, paper and | 
products, and the like. Most extensive of all, this vi 
has some 2240 pages covering such materials as fuek, 
troleum products, electrical insulation, rubber, etc. 

To keep these volumes up to date, a supplement tog 
part will be issued late in 1945. Each book or set of} 
is accompanied by a complete “Index of Standart 
enable easy and rapid reference. 


+ es Oe 


Industrial Electronic Control af 


By W. D. Cockrell, industrial engineering divisio, 
General Electric Co.; published by McGraw-Hill Boot 
Co. Inc., 247 pages, 5% by 8% inches, clothboué; 
available through Macune Desicn, $2.50 postpaid. 





Here is a book written to familiarize engineers wil 
fundamentals of electronic control. To those wid 
that the various and strange-looking components ' 
typical electronic diagram are confusing and 
grasp of the ordinary man this book is especially di 
The author deals only with the basic circuits that om 
to form an endless variety of complicated arrange 
stressing the functions of the different electron ube 
the circuits. Mechanical components, optical devices, 
netic controls, etc., are for the most part elm 
order to avoid confusion. 4 

In a practical, nonmathematical treatment the @ 
covers electron tubes and their construction, cai 
ponents, resistors, capacitors, inductances, [ale 
basic electronic oscillators, and phase-shift circuit 
lowing this the general types of industrial control di 
are discussed—power conversion, amplification, 
and switching. Typical examples of commercial é 
devices used in the machine tool, printing, PHS 
packaging, and other industries complete Be 
analysis, giving a new insight into the increasing] 
ties of industrial electronic control. ‘ 
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for better electrical insulation 














Cable and wire braid with insulating qualities far superior to any other 








material—that’s the stimulating news brought by this announcement of 






Saran braid. It marks an important advance in wire protection and provides 






long-sought answers to many troublesome problems. 






Here is a braid that resists abrasion—Saran is permanently tough and durable. 





ae 


It is fungus and mildew proof—long life is the rule even under adverse serv- 






ice conditions. And, more important to the electrical industry, Saran defies 






moisture and oil—enemies that attack, and soon rot, ordinary cable coverings. 





These better insulating properties point to the use of Saran in myriad 





applications* extending all the way from simple extension cords to intricate 








wires in radio and radar. If you would like to know more about its value to 






you, write for further details. 
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Success in plastics is not a one-man nor even a one-industry 
job. It calls for the cooperation and combined skill of manu- 
facturer or designer plus fabricator plus raw materials pro- 
ducer. Working together, this team saves time and money and 
puts plastics to work successfully. Call us—we’ll do our part. 


















PLASTICS 


STYRON © STYRALOY © ETHOCEL © ETHOCEL SHEETING 
SARAN © SARAN FILM © STRIPCOAT 















Three Variable-Speed Drives 


SIMPLICITY IS achieved in three new models of the 
variable-speed drive offered by Graham Transmissions 
Inc., 3754 North Holton St., Milwaukee 12. It is avail- 
_able with coupled or built-in motor, straight-line spur or 
right-angle worm reduction, and controls at the unit or 
remote. Costly machining has been eliminated in the new 





models by the use of die castings. For built-in motors, a 
simplified mounting eliminates couplings. An improved 
cam method of speed adjustment gives single-turn straight- 
line control as standard. The drives range in size from 
1/15 to 1% hp, with speed ranges from 0 to 1100 rpm. 


T-Ring Hydraulic Packing 


DEVELOPED BY Weatherhead Co., 300 East 131st St., 
Cleveland, a new hydraulic packing does away with ex- 
trusion damage. It consists of a resilient sealing ring of 
synthetic rubber in a T-section backed up or supported on 
the side by two nonextrusion ring retainers or guards. The 





laminated-phenolic nonextrusion rings are split. When 
operating pressure is increased, the flange expands radially 
against the rings, holding them in contact with the surface 
of the cylinder or piston rod. Diametric variations and 
finishes of piston grooves do not require nearly the close 
control otherwise required. When used in the rod-type 
packing the nonextrusion rings help remove foreign mat- 
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ty 
ter from the surface of the rod, thereby eliminating ¢ 
age to the sealing member. The packings are mm 
mended for use as seals in cylinders, swivel joints, 
and numerous other applications including those 
pressures are considerably above current practices, 








Magnetic Reversing Starter 





S EMLINTERFERENCE type mechanical interlod 
featured in the new starter of General Electric Co., $¢ 
nectady, N. Y. Available in sizes 0 and 1, the new sta 
is designed for full-voltage starting of squirrel-cage indy 
tion motors, although it can be used for reversing servi 
when combined with a reduced-voltage starter. The i 
terlock prevents closing of one contactor while an ar i 
maintained on the other, thus averting short circuit throug 




















the arc. In addition the interlock arm of the closing om 
tactor assists the interlock arm of the opening contactor 
reaching its fully opened position. Other features inclut 
under-voltage protection when used with a pushbuto : 
station or other momentary pilot-circuit device; 0 
voltage release when used with selector or limit swite 4 
and tamperproof, self-contained overload relays allowint 
motor to operate up to its maximum safe temperature "ge 
fore tripping it off the line. Housing of starter is Ws 
13% x 4 9/16 in. 














Electrode Welds with A-C and D-€ ~ 


K Nown AS EutecTrode 28, an electrode recently 

veloped by The Eutectic Welding Alloys Co., 40 ¥# 
street, New York 13, is a coated special bronze alloy # 
are welding bronze, brass and copper. Containing @° 
usual combination of metals, the electrode is shielded ¥# 
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IM leather washers 
protect “O” rings! 


sts by leading aircraft manufac- 
rers on hydraulic equipment 
icked with “O” rings proved, first, 
e need for using VIM leather 
ushers to protect the ring, and sec- 
ndly, that if so sealed, the packing set 
ould withstand more than 70,000 cycles at 
000 PSI. No failure, no sign of wear! 


ictorig@nen pressure was doubled, the leather 
‘Woshers prevented extrusion of the ”“O” 


ngs for a minimum of 20,000 cycles. 


sgzes and tolerances have been standard- 
“FG, specifications now being available on 


ontly 


alloy f 
g an 
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quest. Low salt content of the washers 
roids danger of electrolytic corrosion. 
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“Photo Courtesy Lockheed Aircraft Corp.” 
Another evidence of the value of leather as 
a hydraulic packing material! Houghton 
makes all standard types of leather pack- 
ings —"U,” cup, flange and “V”— and pro- 
vides the plus value of engineering design 
and service. What's your packing problem? 


E. F. HOUGHTON & CO. 
PHILADELPHIA, PA. 


Chicago Safi Francisco 
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a flux coating that makes it suitable for use either on al- 
ternating or direct current. It will deposite dense and 
tough metal that is a good color match to most types of 
bronzes. The welded area has substantially the same cor- 
rosion resistance as that of the various base metals. The 
electrode, identified by a light green tip, is available in 
1/8 and 3/16-inch diameters. It may also be used for 
welding copper and brass or joining these metals to steel, 
cast iron, or nickel alloys, and for overlaying steel or. cast 
iron to provide a good bearing surface. 


Dual Linear Actuators 


OFFERED BY Foote Bros. Gear & Machine Corp., Dept. 
NR, 5225 South Western Blvd., Chicago 9, are two dual 
linear actuators—the primary actuator, powered by a 1/6- 
hp electric motor; and the secondary actuator (motorless 
type) which gains its power from the primary by means of 
a flexible shaft coupling, synchronizing the two units. 
Both actuators have a linear action of 5 inches at an ex- 
tension speed of 12 seconds, and a retraction speed of 9 sec- 
onds. Limit switches control travel of the screwjack, and 
stops may be adjusted by a single screw. The two models 
are capable of handling working loads up to 750 Ib with 





a static load capacity of 2500 Ib. Operating at 8000 rpm 
from 26 v direct current at 11% amp, the 1/6-hp motor 
is equipped with a magnetic brake for instantaneous stops 
and for preventing gear train from creeping due to vibra- 
tion. Dimensions of the motorized actuator are 13 x 11 x 
4 15/16 in.; weight, 7 Ib 1 oz. The shaft driven model is 
10 11/16 x 3% x 3% in.; weight, 2 Ib 12 oz. The latter 
may be used separately by driving it from an engine or 
any remote source of power. 


Clutch Offered in Five Widths 


DEVELOPED TO meet requirements for clutches from 
1 to 7% hp,.the 450 Series of Type C clutches of Mer- 
cury Clutch Corp., Canton 6, O., offers many advantages. 
Included in these is the inherent “delayed action” which 
permits the motor to come up to its effective speed in- 
stantly and without load. The clutch is of the internal 
expanding type, with six segmented shoes engaging the 
inner surface of the ground casing. Actuating force is 
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generated by a small quantity of mercury, sealed , 
the clutch, which builds up a hydraulic pressupe ai 
applied to the friction shoes. This force varies aime 
square of the rotational speed. When desired, » 
are incorporated in the clutch, opposing the cenp# 























of M 











dt 






force of the mercury, and thus preventing the eng pbler 
ment of the clutch until some predetermined speed 
been reached. The clutches may be furnished with 
groove pulley for belt drive, or in the coupling typ 
direct drive. Maximum bore of both driven and dri 
members is 1% in. The clutch is only 4% in. in di 
eters and is made in five widths. It is suitable for 
with electric motors or internal combustion engines. 


Inner Race and Roller Assembly 


DESIGNED AS a self-contained unit and made in! 
single and double row, the new bearing announced by! 
McGill Mfg. Co. Inc., Valparaiso, Ind., is similar in s 
to the company’s established line of Solidend Multirol b 
ings. Rounded end rollers give high load capacity, ¢ 
tolerance and rigidity improve bearing efficiency and 
minate vibration and noise. Races and rollers at 
through-hardened, high-carbon chrome steel. This 1 











type inner race and roller assembly bearing known as 
IR may be used on applications where parts which 
been heat treated to obtain surface hardness cal be 
lized as outer raceways. A typical application, 2 
to the company, is for constant-mesh gear transmi 
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The ground bores of the hardened gears act as outer race- 
ways. Advantage is taken of the small radial space re- 
quired by this bearing, and the high load carrying capa- 
city under static conditions. 


Heavy-Duty Léver Switch 


ADDITION OF 
Series 4500 heavy-duty 
lever switch to its line 
has been made by Don- 
ald P. Mossman Inc., 
612 North Michigan 
Ave., Chicago 11. 
Meeting a demand for 
a multiple - position, 
multiple-circuit, po s i- 
tive-action lever switch, 
the new series is avail- 
able in either a four- 
position (Series 4504) or a five-position (Series 4505) 
switch. In all positions, except center (neutral), the ac- 
tion may be locking or nonlocking. In center position it 
is always locking. Locking or nonlocking action is ob- 
tained by using removable stop plates underneath the 
escutcheon plate which is part of the unit. This action 
may be changed by selecting the proper stop plate. In 
addition to its use for the many applications found for the 
Series 4100 and 6300 switches, the new switches can be 
utilized for safety selecting switching, substituting the use 
of four switches where selectivity is required, preventing 
danger of throwing more than one switch at a time, and 
emergency transfer of spare equipment in which special 
locking arrangement prevents using the switch without 
breaking a seal. The lever switch is also adapted to ap- 
plications such as motor starting, stopping, reversing and 
speed control, hoist and crane control, equalization of 
multigenerator operation, etc. 





Hydraulic Variable-Speed Unit 


LATEST DEVELOPMENT in the series of hydraulic 
drive units produced by Portman Machine Tool Co., 70 
Portman Rd., New Rochelle, N. Y., is the Model HT-1 
hydraulic variable-speed transmission. Of heavy-duty 





type, it is intended for use in industrial applications re- 
quiring continuous-duty performance under varying con- 
ditions of load and speed. Variable speeds available are 
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from zero or full neutral position to maximup , 
speeds, both forward and reverse. Torque out, 
this unit remains constant at all speeds. In addi, 
the hand-lever model, illustrated, various types of g 
mechanisms are available to suit all applications, jy 
ing remote control stations. Overall dimensions a 
x 16% x 18% inches. Diameter of shaft is 1% jy 
while shaft extension length is 3% and 4% inches, }; 
powers in which the unit is available include 5, % 
15 and 20. Maximum speed is dependent on the 
of electric drive motors or other prime movers, ang 
speeds are usually from 900 to 1700 rpm with thy 
of unit. The transmission illustrated can also 
nished with electric drive motors for various @ 
current specifications and to include a base for them 
ing of the hydraulic transmission and the elect 
tor, starters and other controls suited to the pan 
application. 



















Midget Telephc.e Relay 


ONE OF THE smallest of its type, the new 

telephone relay of Potter & Brumfield Mfg. Co, 
Linden street, Princeton, Ind., weighs only 1% oz. 
as the “MT” Series, it is constructed compactly for 
ing in limited space. It is sensitive and ope 
minute current, with twin contacts exerting the hi 





tact pressure needed for closure. Particularly resistall 
vibration, the relay with two Type C contact assem 
measures 1 1/2 x 1 7/32 x 11/16 in. Operating @ 
is up to 60 volts direct current. Frames are PHS 
with 4 mounting holes tapped 3-48. The re 

furnished in all contact arrangements of forms A, B . 


Bottle and Can Counter 


NOTABLE IMPROVEMENTS have been made by! 
Durant Mfg. Co., 1929 North Buffum street, Milwaukee 
in its new “HF” Productimeter for counting bottles 
cans, replacing the former “F” models. These ™® 
many features such as oilless bearings; accuracy; curv’ 
louvered window for reading of figures; strong, ™™ 
plastic number wheels; legible black figures on white? 
ground; heavy die-cast base with dust-tight metal o 
rustproof construction; steel stamping mounting plate; 
grey baked enamel finish. The new series is av 
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DESIGNING 


IE CASTING 


160 Front St., New York 7, N. Y. 





Sruds formed as integral parts of a 
die casting cost less than inserted studs. 
The need for placing separate inserts 
in the die is thereby eliminated—speed- 
ing production. For best results inte- 
gral studs should: 

1. be sufficiently large in diameter to 
provide adequate strength (at least %4” 
for all except small, light castings) 
2. have liberal fillets where they join 
the casting proper (fillets can be re- 
cessed if, otherwise, they prevent 
proper seating of the mating’ parts) 
3. be threaded only when length does 
not greatly exceed diameter (consider 
the use of “speed nuts” with un-, 
threaded-studs) 

4. have countersunk or recessed ends 
when the latter are to be spun over at 
assembly 


S. be cylindrical unless some specific 
requirement necessitates another shape. 

The two zinc alloy die castings shown 
here illustrate the use of integrally 
cast studs. These two castings form 
one half of the grease seal for the uni- 
versal joints on “Jeep” front axles. 
Holes are cored in one casting to mate 
with the integral studs on the other. 
After a packing is inserted between the 
castings, the studs are easily headed 
over — since zinc alloy possesses good 
ductility. 

Additional data on studs, and many 
other design considerations, appear in 
our booklet “Designing For Die Cast- 
ing.” To insure that you will get the 
most for your die casting dollar, ask us 
—or your die casting source—for a copy 
of this booklet. 


THE NEW JERSEY ZINC COMPANY ~~ 7 j At x c 
band, LLOY 
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either five or six figures capacity, and equipped with a 6- 
point star wheel for counting bottles, and a 4-point star 
wheel for cans. 


Bronze Bushed Bearing 


For FAN AND blower service, a new bronze-bushed 
bearing, known as Type F Bronzoil bearing, has been an- 
nounced by Dodge Mfg. Corp., Mishawaka, Ind. Fully 
self-aligning, the bearing has a spherical inner housing 
conforming to a spherical socket in the formed steel outer 
housing. This permits free self-alignment. A bronze 


capillary bushing is used as a liner. This bushing is 
provided with a shoulder offering a broad, flat surface 
which is lubricated and serves to reduce friction between 
bearing and collar. An oil reservoir supplies the required 
amount of oil as needed. Wick and oil cup are furnished 
with the bearing. Frontal area of the bearing has been 
reduced, resulting in greater volumetric efficiency in 
blower installations. 


Multicontact Relays 


APPLICABLE to signal, electronic and communication 
uses where minimum operating currents are important fac- 
tors, the new Type 20000 relay of R-B-M Mfg. Co., divi- 
sion of Essex Wire Corp., Logansport, Ind., is produced 
in two sizes: Standard, 4 4/4 x 1 x 1 3/4 or 2 1/2 inches, 
depending on contact spring assemblies; intermediate, 
8 5/8 x 1 x 1 3/4 or 2 1/2 inches. Contact spring assem- 


blies of this relay can be furnished in one, two or three 
stacks, with various combinations, according to circuit re- 
quirements, up to 16 springs. Specially treated coils to 
withstand extreme humidity and prevent fungus growth 
are available in voltage ranges from 1 1/2 to 28 volts, 
direct current. This type relay is also available in two- 
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pole double-throw contact arrangement, with Current 
sitive coil operating at 3.2 milliamps pickup and 1g 
milliamps dropout. These relays are furnished with ¢ 
acting, slow dropout and slow pickup armatures, _ 


Arc-Welding Electrodes 


NEW ADDITIONS to the line of arc welding! 
trodes of Allis-Chalmers Mfg. Co., Milwaukee, g 
Nickel Manganese, Mo Mang Manganese, X2, am 
electrodes. The A-C Nickel Manganese and A@ 
Mang Manganese have application in mining, og 
and railroad industries. Characteristics of the de 
allow it to work-harden to 550 brinell. Hard-surf 
electrodes X2 and X3 are used to protect parts g 
to extensive wear; the X2 for severe abrasion and 
impact; and the X3 for severe impact and mild abp 
All of the electrodes are available in assorted size 
first two both bare and coated (the coating being aj 
bination, suitable for both alternating and direct-¢i 
welders), while the X2 and X83 types are furnished 
combination coating only. : 


Variacs for 400-Cycle Operation 


To ITS LINE of Variacs, General Radio Co., 275 N 
chusetts avenue, Cambridge 39, Mass., has added 
Type 60-A. A 400-cycle, 5-ampere model for 1154 


it can be used at any frequency between 400 and? 


cycles per second. Rated at 860 volt-amperes, 0 


voltages to 135 volts are obtainable with 115-volt i 


A new type of brush and radiator construction is} 


so that brushes, when necessary, can be changed! 


few seconds. The Variac is available either with y 


out case. Overall height is 4% inches; overall @ 
5% inches. Net weight is 3% pounds with case; § 


2 ounces without case. 


Protecters for Machine Parts 


THREAD PROTECTORS and dust caps of spiral 

fiber, kraft paper, or cellulose acetate, under heat 

compression, are among the latest additions to the i 
(Continued on Page 170) 
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® This Streamliner exemplifies the endur- weight...without sacrifice of strength or safety. 
e es a 


ing strength and beauty of stainless steel. ; 
International Nickel are miners, smelters and refiners of 


Characteriz - 
ed by endurance under corro Nickel, an important ingredient of the stainless steels, but 


si iti : : : 
ve conditions, chromium-Nickel stainless do not produce stainless steels. If interested, please commu- 


ir SCTE permit acto lloilo): Mes Mmm 10] | Qo lal Mme (-Tele| nicate with established sources of supply for stainless steels 


“HE INTERNATIONAL NICKEL COMPANY, INC. 2.’ Sx 
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(Continued from Page 166) 

Precision Paper Tube Co., 2033 West Charleston street, 
Chicago 47. They are constructed for durability in pro- 
tecting fittings, exposed openings and ends, tubing, and 
many others from moisture, rust, dirt, grit, dust or dam- 
age. These protectors are shaped to the article to be 
safeguarded—cylindrical, square, rectangular or tapered, 
crimped, flared or perforated—with tolerances as close as 
+.003-inch. Name of part and number, as well as name 
of manufacturer can be printed in the protector. 


Timer Has Synchronous Motor 


E QuirreD with a synchronous motor, the new control 
timer of Reynolds Electric Co., 2650 West Congress ‘street, 
Chicago 12, has been designed for controlling operations 
in which starting is initiated by momentary contact push- 
button, stopping automatically at preset time. The timer 
can also be furnished with interlocking controls so that 
each operation can be completed in correct sequence be- 
fore the next is started. Failure at any point would post 


a signal and timer would recycle automatically to starting 
position. This timer is equipped with silver contacts and 
has a two circuit control. Its synchronous motor operates 
on 115 volts, 60 cycle alternating current. If desired it is 
available with additional circuits and arranged for other 
current specifications. 


Link Universal Joint 


FRRECOMMENDED FOR hand operation and slow speed 
power drives, the Piezo universal link joint of Piezoelectric 
Corp., 110 East Forty-second street, New York 18, can be 
used in the controls of electrical switchboards, radio, elec- 
tronic equipment, automatic machinery, valve operation 
and many other mechanical devices. This new remote 
control features an adjustable link mechanism to transmit 
rotary motion around corners, permitting the operation of 
shafts at angles adjustable from a straight line to a right 
angle. An important feature of this joint is that the out- 
put shaft turns in the exact angular rotation as the input 
shaft, giving an input turning angle equivalent to the out- 
put turning angle. The joint is mounted by means of 
three screws, holding it in position. Bearing arm, holding 
the adjustable shaft, may be hinged to any desired posi- 
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tion from 0 to 90 degrees, and when in location g 
screw holds its position. . 


Varnished Glass Sleeving 


P-..0DUCED BY William Brand & Co., 276 Fou 
enue, New York 10, the varnished glass sleeving 
in the accompanying illustration has many ady 
Among these are increased dielectric values, lowe 
ture-absorption, nonburning, and high temperatyg 
ance. This sleeving is available in four grades: § 
double and triple dips, and the magneto grade, | 
characterized by permanently-vivid colors, design 
facilitate identification and assembly operations. 
nish treatment insures long-life flexibility, elim 
hazards of cracking and splitting. An additig 
vantage is its nonfraying characteristic. j 


Plastic-Coated Conveyor Belting 


T 0 MEET THE NEEDS of canning, packing an 

processing industries for a conveyor belting that isi 

ous to oils, greases, moisture, acids and alkalis, Plag 
new plastic-coated conveyor belting has been ann 
by Buffalo Weaving & Belting Co., 260 Chandler 

Buffalo 7. Consisting of a pliable-plastic coating g 
woven cotton carcass, the belting has a semismooth) 
glossy surface which will not absorb moisture and § 
kept clean. Capable of withstanding temperatures 
degrees Fahr., it is available in standard colors of 

white, and is furnished in three standard constr 
Regular coat on one side, regular coat on both sides, 
heavy coat on carrying side with regular coat om] 
side. 4 


New Synthetic Development 


DEVELOPMENT OF a new synthetic, Chlorinated 
pol, has been announced by The Union Bay State@ 
ical Co., 50 Harvard street, Cambridge, Mass. A 
in metal primer formulations and in powder fom 
practically identical to chlorinated rubber in flam : 
ture and chemical resistance, and in solubility, 
and compatibility with plasticizers. It is recommen 
a primer for rubber-to-metal adhesion; as an ing@ 
in adhesives, paints, lacquers, inks, etc.; as am ad 
alkali-resistant coating for metal and other 
fireproofing and moistureproofing fabrics and othe 
terials; wherever sound and heat insulation quallé 
required; and as a plastic wherever inertness © 
icals and fireproofness are desired. ; 


Luminous Characters for Inlay 


| NLAID BAKED enamel characters, protected by! 
ground finish, are now obtainable in luminous tyP® 
phosphorescent or fluorescent. This is an addition # 
new inlay process for placing durable characters 0m? 
panels, chasis, etc. (MACHINE DESIGN, July, 198% 
168) offered by Screenmakers, 64 Fulton stree 
York 7. The characters are resistant to abrasiom 
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FACTS 


you want to know about 


STAINLESS 
STEELS 


Reconversion, limited as it has been to date, points 
to expanding utilization of Stainless Steels in hun- 
dreds of industries for thousands of new applications. 


In using to best advantage, the versatility, utility, 
economy and attractiveness of Eastern Stainless Steels 
in your business, it’s important you know the charac- 
teristics and applications of each of the twelve 
Eastern Stainless standard grades. 


Just Published — New 96 Page Catalog 


To help you fabricate this 
superior metal in your in- 
dustry, Eastern Stainless 
offers you free, a compre- 
hensive new catalog. This 
handy manual describes and 
illustrates the major appli- 
cations of Stainless Steels 


and gives much technical 
data compiled by Eastern* 
Stainless specialists. 


Under the classification, “General Processing and 
Fabrication,” the new Eastern Stainless catalog gives 
valuable information on the following: 


SHEARING ° JOINING e FORMING 
MACHINING ¢ HEAT TREATMENT ¢ FINISHING 
DESCALING * CLEANING © PASSIVATING 
Almost any question you have regarding Stainless 
Steels is answered in this up-to-the-minute Eastern 
Stainless catalog. Be sure and write for your free copy. 
EASTERN STAINLESS TECHNICAL SERVICE is of 
special value to producer and consumer alike, for 
it relates to all phases of production, processing and 
fabrication of Stainless Steels, Whatever your prob- 
lem in Stainless fabrication, performance or new 
developments, the Eastern Stainless Technical Staff 


will furnish you with up-to-date information. 
JMLCo . B-H1 


EASTERN 
STAINLESS 


STEEL CORPORATION 
Baltimore 3, Maryland 


Stainless Sheets exclusively 
Distributors’ stock available in most areas. 


CHICAGO e CLEVELAND e DALLAS « DETROIT 
LOS ANGELES « NEWARK e PHILADELPHIA 
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J. R. Townsend 


MEN /. 


O 


j . F. JOY’S recent election as vice 

president in charge of engineer- 

ing of Federal Machine & Welder 

Co., Warren, O., is considered an im- 

portant step by the company “as his unusual ingenuity and engineering 
skill will be reflected in the solution of current problems, as well as in 
postwar development”. Formerly director of engineering, Mr. Joy is 
internationally known in the engineering field, having served from 1940- 
1945 in the Office of Chief of Ordnance, Army Service Forces, where he 
received a citation from the War Department for “successfully develop- 
ing an improved type of high-pressure packing urgently needed for use 
with the Field Artillery Material.” During this time he was also responsi- 
ble for many developments important to ordnance equipment. Mr. Joy 
is the inventor of the Joy coal loader which in 1922 became the first com- 
mercially applied continuous gathering mechanism for coal mines. He 
has headed several prominent companies manufacturing mechanized coal 
mining equipment, and his inventions have been cited as important 
factors in reducing cost of coal to the consumer, and increasing overall 
production. In Russia for several years he was head of the Joy Engineer- 
ing Co. devoted to the modernization of coal mining in that country. 


J . R. TOWNSEND, materials engineer, Bell Telephone Laboratories 
Inc., is the new president of the American Society for Testing Ma- 
terials. Completing a term as the vice president of the society, Mr. Towns- 
end has been extremely active in the organization. He has been chair- 
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Eric W. Peterson 














man of Committee B-6 on Die-Cast 
als and Alloys since 1934, is a pasta 
man of Committee E-10 on Stan 
and is active in the work of various® 
groups. Recently he headed a 9 
studying the desirability of the s 
extending its work to include the 
of testing parts and assemblies. } 
in Baltimore, Mr. Townsend ates 
Baltimore City College and Br 
Polytechnic Institute. After expert 
with Bethlehem Steel Co., aid 
Mathematics and Dynamics Branch 
U. S. Army Ordnance in World Wa 
in 1919 he became a member df 
technical staff of Western Electié 
From 1925 through 1944 he wa 
terials standards engineer at Bell, be 
ing materials engineer in 1949. 












E RIC W. PETERSON, who fe 
past twenty years has had broad e? 
ence in industrial engineering 

chine development, is the neW ® 
engineer of The Kaydon Engine? 
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CORROSION RESISTANT ¢ HEAT RESISTANT e¢ COLD RESISTANT 


WEAR RESISTANT e CREEP AND IMPACT VALUES 


‘RESPONSIVE TO HEAT TREATMENT e READILY MACHINABLE 


Fort Pitt Stainless Steels have been developed to meet the growing demand for 
corrosion-resisting steels with higher physical properties. Close analytical control 
and modern technical methods in one of America’s most advanced specialty 
foundries, assure castings of superior quality in every respect. Customers of the 
Fort Pitt foundry have the advantage of the combined experience of Fort Pitt 

metallurgists and Porter process equipment engineers in the solution of their 
corrosion problems. Send us your blueprints. We will gladly supply 
an estimate and recommend the proper alloy. 


FORT PITT STEEL CASTING CO. 


Division of H. K. PORTER COMPANY, Inc. 


PITTSBURGH 22, PENNSYLVANIA 


FACTORIES: McKEESPORT, PA. . PITTSBURGH, PA. . BLAIRSVILLE, PA. 
NEWARK, N. J. . NEW BRUNSWICK, WN. J. . MT. VERNON, ILL. 
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Corp. For six years prior to his appointment, he had 
been chief engineer at Ditto Inc. Previously, he served 
as industrial engineer with the Remington Arms plant of 
E. I. du Pont de Nemours Corp., at Ilion, N. Y., developing 
special production equipment. He also had been con- 
nected for five years as supervisory engineer on new ma- 
chine and product development with The International 
Business Machines Corp. Mr. Peterson is a graduate of 


Lowell Institute. 
ry 


FAYETTE LEIsTER has been advanced to the position of 
engineering manager, Fafnir Bearing Co. He will be in 
charge of all phases of design and development. 


o 


CuarLEs Cuma, formerly development engineer of 
Atlas Imperial Diesel Engine Co., Chicago, has been made 
chief design engineer on engines for Willys Overland 
Motors Inc., Toledo, O. 

° 


Joun F. Wattace, chief executive engineer, aircraft and 
automotive engineering department, Cleveland Pneumatic 
Tool Co., Cleveland, has been elected to the company’s 
board of directors. 


« 


W. S. James, chief engineer for Studebaker Corp., De- 
troit, since 1986, has been named director of automotive 
research for the Ford Motor Co., Dearborn, Mich. 


¢ 


Joun H. Stance, formerly assistant in the mechanical en- 
gineering department of Ohio State university, has been 
appointed to the staff at Battelle Memorial institute, Co- 
lumbus, O., and assigned to its Division of Fuels and Re- 


search. 
2 


W. J. Ravetcu has joined Scott-Atwater Mfg. Co., Min- 
neapolis, as design engineer in charge of design and de- 
velopment of outboard motor magnetos. He resigned as 
head of the Engine Design Section, National Advisory 
Committee for Aeronautics, Cleveland. 


o 


Joun A. Rosinson has been promoted from a checker 
in the engineering department to assistant chief draftsman 
of the Buick Motor Division, General Motors Corp., Flint, 
Mich. 


* 


Grorce C. McMUuLLEN has recently been appointed as- 
sistant to the president, and vice president in charge of 
product research and development, Tyson Bearing Corp., 
Massillon, O. He formerly had been vice president in 
charge of industrial sales for the company. 


of 
Rosert Cass, formerly chief engineer, has been pro- 
moted to assistant to the president of White Motor Co., 
Cleveland. He will be in close contact with engineering 
management in his new position. 
o 


Lioyp STEARMAN, previously chief engineer, Air Cargo 





Division, Harvey Machine Co. Inc., Los Angeles. 
vice president of Stearman Engineering Co,, Dy 
Calif. 4 


* 


A. P. Fontaine has been made director of aig 
velopment, Bendix Aviation Corp., Detroit. He} 
assistant to the director of engineering, Consolidg 
tee Aircraft Corp., Vultee Field, Calif. 


o 


Haroip M. Buropicx has joined International 
Machines Corp., Endicott, N. Y., as designer, ” 
he had been associated with Sperry Gyroscope| 
search Laboratory, as layout draftsman. : 

. ; 

Joun F. Campse.t has been appointed dey 
engineer, gas turbine equipment, Weatherhead @& 
land. He had been chief engineer, fuel injection 
ment, Holley Carburetor Co., Detroit. 

& 


Harry I. Hazzarp, previously development . 
McCulloch Aviation, Milwaukee, is the new chief¢ 
of Salsbury Motors, Los Angeles. 


e 


H. E. Preston has recently been appointed 
dent in charge of engineering, American Engineer 
Philadelphia. ; 


* 


W. E. WIcKENDEN, president, Case School of # 
Science, Cleveland, has been nominated preside 
American Institute of Electrical Engineers. 


® 


BENJAMIN Nicot AsHTON Jr., formerly vice pif 
in charge of engineering, was recently elected presid 
Electrol Inc. Mr. Ashton has been responsible # 
signs for aircraft hydraulics manufactured by the el 


¢ 


Joun C. Straus, who for the last thirteen 
been associated with the Research Laboratories 7 
of General Motors Corp., Detroit, has been appoiilt 
search engineer of American Foundry Equipmétt 
Mishawaka, Ind. 


¢ 


Dn. Zay JEFFRIES, technical director of General Eh 
Co. lamp department, has been elected a vice preside 
charge of the company’s new department to be know 
the chemical department. AX 


e TA 


GrorcE STEVEN, formerly chief engineer of the 50 
Works Compressor Division, Worthington Pump & i 
chinery Corp., has been appointed executive engm® 
the Buffalo Works of the company. Haron W: Want 
succeeds Mr. Steven as chief engineer. 

. 


Hetmutu G. BraAENDEL, for the past three yeals® 
ant and then chief development engineer of = 
Motors Corp., has been appointed chief engineet® 
Wilkening Mfg. Co., Philadelphia. 
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Molybdenum is an economical preventive 
of temper brittleness in steel. 


MAX FURNISHES AUTHORITATIVE ENGINEERING | EY MOLYBDIC OXIDE, BRIQUETTED OR CANNED e@ 
TA ON MOLYBDENUM APPLICATIONS. pode 4 FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 
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Design Abstracts 


Controlling High-Speed Aircraft 


LIND-BOMBING radar equipment will unquestion- 

ablv be developed further for commercial navigational 
use to assist in direction finding and to remove the hazard 
of flying into unsuspected mountains or colliding with 
other aircraft in the same air space. 

As air speeds increase to the 400 to 500-mph category, 
for normal commercial operation, such radar aids will be 
doubly necessary even under good weather conditions in- 
asmuch as the visibility over-or near most of our large 
cities is only a few miles by reason of the high smoke con- 
tent in the atmosphere. The 500-mph aircraft must begin 
to slow down 25 to 30 miles before landing even if ap- 

.proaching at low altitude. Traffic control in airport re- 

gions will necessarily be improved to control the approach 
of such flights with minimized delays and adequate safety. 
—From a paper by D. Roy Shoults, Vice President, Bell 
Aircraft Corp., presented at the recent semiannual meet- 
ing of the A. S. M. E. in Chicago. 


Problems of Aircraft Motor Design 


N DESIGNING 400-cycle aircraft motors it is neces- 
sary to correlate functions of five different kinds of 
engineering: Electrical, mechanical, thermal, airflow. and 
lubrication. Individually these functions are complicated 
by the high speed of operation, better material utilization 
and varying conditions in which the motors must operate. 
Usually the electrical studies are given first consideration, 
followed by fitting the other engineering factors around the 
basic electrical design. This is desirable because the other 
functions to a large extent are determined by the electrical 
output and losses. 

Several equally satisfactory but distinctly different me- 
chanical constructions are possible. Usually that used is 
determined by the basic requirements and by other, fun- 
damentally extraneous, considerations such as available 
manufacturing facilities, shop practices and individual pref- 
erences. Such other considerations add to or detract from 
a design only to the extent of their influence on the mak- 
ing of individual parts or the assembly of these parts into 
the completed unit. Whether or not a design is satisfac- 
tory is determined wholly by weight considerations and 
ability to withstand burdens encountered over the range 
of operating conditions throughout its expected life, with- 
out destroying other essential characteristics. The most 
severe burdens are imposed by plane vibrations. Accord- 
ing to specifications vibrations up to 55 cycles per second 
with double amplitude of 1/16-inch may be expected. 

Comparable lightweight shells may be obtained either 
from low specific gravity materials such as aluminum or 
magnesium or from stronger high specific gravity materials 
such as steel but with the sections reduced. Steel shells 
with reduced sections permit a better overall design, par- 
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ticularly in conventional constructions where agp 
mensions are necessary to maintain the radial |p 
stators slipped or pressed into the shells. These jy 
same coefficient of thermal expansion as that of fe 
netic iron and therefore the same accurate dig 
exist over the entire temperature range. Alum 
magnesium shells have coefficients of thermal em 
greatly different from that of magnetic iron. Bem 
this, satisfactory dimensions at normal temperati 
not remain satisfactory and may cause failure thy 
cessive stresses in the shells and magnetic structy 
extreme temperatures below normal are approachel 
Due to limitations in manufacturing processes 
flanges usually are made of low specific gravity 
Internal rabbets should be used to eliminate faily 
excessive stresses at low temperatures with steel g 
At present, only ball bearings are satisfactory but 
bearings with special lubrication may be used in 
ture. Bearings of the minimum size necessary for 
and thrust loads and the specified life should be us 
prevent excessive friction torque at low temperatuall 
Suitable lubrication capable of withstanding high 
peratures without freezing at low temperatures cam 
obtained. Available lubricants capable of withsta 
high temperatures freeze at about —30 degrees { 
Those satisfactory for low temperatures fail in a rel 
few hours if operation is sustained at about 60 a 
Cent. or above. Lubricants do not remain froza 
after operation is started and therefore they are‘ 
tionable only because of the added torque requitt 
break the bearings loose. Generally it is better tow 
high temperature lubricants and provide the addi 
torque required for starting.—From an A. I. E. B.S 
Program paper by G. O. Schwandt, General Electric 


Plated Copper-Lead Bearings 


RIMETAL and Micro bearings, composed of 8 

layer of “white” metal bonded direct to a steel b 
were originally conceived as a result of laboratory 
which indicated that if the surface layer were thin & 
marked improvement of fatigue properties could be 
tained. These data have been well sustained in the 
and today both constructions are used, the trimetal i 
considerable advantage owing to its bearing-like im 
diate layer which offers a safety factor that canndt! 
nored. 

Two rather practical difficulties have resulted fron 
trimetal construction: First, in manufacturing bes me 
this type, considerable expense occurs in maintaitllé 
babbitt layer within the thickness range of high pe 
ance; and second, in bonding tin-base babbitt ae 
lead, difficulty develops unless the copper 8 ™ 
with at least 7 per cent of tin. This, of course, mas 
intermediate layer relatively hard and its ability to 
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‘THEY NEEDED A BOLT THAT DIDN'T EXIST. . 
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“all\ ‘am So we designed a Special Bolt.. 

er to us , 

e addi sae 

E. B.S 

lectri ( Here’s another typical example of National’s Technical Service—a special 


fastener designed for the particular application when standard fasteners 
don’t meet the need: 


In a certain rubber molding operation a bolt was required that could 
be pulled up tight and used for many applications. Extra large bearing 
surface was needed, as well as exceptional strength and high “torquing” 

of this case capacity. 
aeariing We designed the bolt of alloy steel, with a specially formed slot which 
permits use of a reinforced driver. This prevents slipping or shearing of 
the driver point. The large diameter at the base of the head affords ample 
bearing surface, while the tapered sides reduce the amount of metal in 
the head, making it possible to upset the bolt, an important cost factor. 


You may need just such a service as this to improve your fastenings. 
Often we can save production time and cost by upsetting a part instead 
of milling from bar. Let us have your inquiry. 


i THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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foreign material and to adjust itself to the irregularities of 
the journal, as well as other surface action, is limited. 

Recognizing the problems of the trimetal construction 
and the potential advantages of copper-lead instead of 
leaded bronze intermediate layers, we were interested in 
the possibilities of precision-plated layers. However, it 
was not until the war that it became a demonstrated fact 
that a thin surface layer can be plated on a bearing without 
subsequent machining and also that such a layer—even as 
thin as .001-inch—would last a surprisingly long time and 
sustain very high loads. 

Such a bearing is Clevitte 77, which is composed of the 
usual steel back with all of its fine qualities; next an inter- 
mediate layer consisting of 75 per cent copper, 24% per 
cent lead and % per cent tin, which is a true bearing ma- 
terial of good bearing qualities except on shafts below 
230 brinell; and then a plated surface layer of lead, tin 
and small amounts of hardener. This surface has been 
studied in comparison with lead-indium under many con- 
ditions and appears to have no disadvantages.—From a 
paper by H. W. Luetkemyer, The Cleveland Graphite 
Bronze Co., presented at a recent meeting of the Cleve- 
land section of the Society of Automotive Engineers. 


Solenoid and Motor Actuation Compared 


DVENT of small, inexpensive electric motors allows 

motor-operated valves to become competitive with 
solenoid-operated valves. Although the cost of the motor- 
operated valve is slightly higher at present, proper pro- 
duction engineering may give either the cost advantage. 
Over and above cost consideration, performance require- 
ments may dictate the choice, inasmuch as both have ad- 
vantageous characteristics for particular applications. 

Solenoids have the advantage for conventional selector 
valves requiring a neutral position. Limit switches are re- 
quired for motor-operated valves to have a neutral posi- 
tion whereas it is a natural function with solenoid-operated 
valves. On the other hand, this advantage is lost on valves 
requiring no neutral position. 

Emergency manual override is easier to obtain on the 
solenoid-operated valves, due to the free movement al- 
lowed in a solenoid when not energized. A manual over- 
ride on a motor valve leads to complications in design. 
Solenoids have the advantage where fast actuation is re- 
quired, operating in a fraction of a second, whereas the 
time of motor-operated valves is usually measured in sec- 
onds. This advantage applies, however, to direct-con- 
nected conventional poppet design solenoid valves and 
not to pilot-operated valves which are inclined to be 
somewhat slow and erratic in operation. 

Extremely high starting loads, usually encountered in 
the larger valves, are handled more effectively by motors 
which give out high initial torque as against the low initial 
torque of a solenoid. A motor-operated valve can be 
readily designed to stay in either extreme position without 
being energized, whereas a solenoid requires continuous 
energizing to hold its position, unless locking mechanism 
is provided. Finally, although solenoid valves are lighter 
in the smaller sizes than motor-operated valves, the latter 
have definite weight advantages above 42-inch line size.— 
From a paper by J. W. Kelly, chief engineer, Adel Pre- 
cision Products Corp., presented at the recent ASME avia- 
tion war meeting in Los Angeles. 
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Precision Performance 


(Concluded from Page 126) 


feed mechanism because it is used for playing back jm 
only. It is equipped with two foot pedals by me 
which the typist can start and stop the turntable ay 
disk instantaneously or backspace to repeat when | 
sary. The start and stop is accomplished by a my 
brake that engages the light bakelite turntable shel] 
is driven through a felt friction ring mounted on the} 
die-cast turntable. The heavy turntable continues; 
tate when the brake is applied to the turntable 
that the shell will be brought to full speed (by 
between it and the felt ring of the turntable) whe 
magnetic brake is released. 

Also operated magnetically is the stepback mech; 
When actuated by the foot pedal, its clapper enga 
arcuate plate fastened to the playback arm and mov 
arm back by an adjustable amount, usually a few gn 
Stepback is done by skidding the playback stylus 
the grooves without lifting. It does not harm the x 
grooves because the stylus pressure is so low. 

The transcriber, like the recorder, has an elec 
amplifier. This permits the use of comfortable list 
devices for the typist. One of these is the “soft spe 
mounted in a desk or floor stand and so arranged 
the speaker unit is positioned two or three inches 
the typist’s ear. The amplifier used in this equipment 
ploys five tubes in a more or less conventional audio-a 
fier circuit. However, there are high-frequency los 
inherent in slow groove-speed recording—and the 
quency response of the amplifier is’corrected to com 
sate for these. The result is that the overall fidelity 
system provides excellent intelligibility. 

Various types of microphones are available for ty 
cording process. One type is a hand-held microp 
with a built-in “press-to-talk” switch that starts and{ 
the recording turntable. Another is the desk-mo 
dynamic microphone which leaves the hands of the ( 
ator free during recording. 

In the final analysis, bringing this equipment to the 
lic at a low price has primarily been a matter of simp} 
and practicality in design. As has been pointed ou 
precision performance of the machines could have 
achieved by employing special precision parts in de 
more complex than those adopted. Such equipment, 
ever, would have been more expensive than the pr 
models and, actually, less satisfactory in performance: 








Color Code Being Developed 


USE OF COLOR to warn, caution and direct is n¢ 
but at the specific request of the War Department, # 
Committee of the American Standards association 
been working on a safety color code for marking phy 
hazards. The proposed standard is a codification of 
ly recognized concepts. For instance, red indica 
equipment, danger or stop. Yellow signifies caution 
for marking physical hazards. Green is for safety 
white, black or a combination of the two for houseked 
and traffic markings. 
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icy OSS 

: . ready for more work and more 
lelity f Microphotographs: Top shows dirt 


left on filter paper by unfiltered accurate work aad ready to give 


coolant; Lower shows absence of 
dirt on filter paper after coolant 


for thi 
was filtered through a BRIGGS 
anil via you new coolant performance 


s and 
sk-mot Notice the simplicity of the Briggs Z-R Series Filter for Soluble Oils, Light Oils and Kerosene. 
i Nothing complicated, no tricky strainers, nothing to get out of order. IT’S ALL IN THE 
to the DESIGN OF THE UNIQUE Z-FOLD REFILL WHICH PROVIDES MAXIMUM FIL- 
Lal TRATION SURFACE WITHOUT SACRIFICING FLOW RATE. Combine this unusual 
a design with the fact that the material used in these refills is processed especially for coolant 
on 


the pr on the job. 
mance, 


filtration . . . you have the filter that, in some cases, is able to pay for itself the first day it is 





Want more facts? Want to know ALL the advantages of keeping coolants clean? Want to 
know why a Briggs Z-R Filter does the job better than ordinary multi-purpose filters? 


The Briggs Distributor nearest you can give you all the facts. You'll find Briggs Distributors 


listed in the “‘Filter’”’ section of most classified telephone directories. Or—write direct. 


GY PIONEERS IN MODERN ¥ 
. % OIL’ FILTRATION 


liccs CLARIFIER COMPANY ® General Offices, Washington 7, D. C. 
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~ Postwar Briefs 


STAGGERING DEMAND for all kinds of civilian 
goods both at home and abroad is “the foundation on 
which America can build a strong transitional economy” 
as it swings from munitions to peacetime production, says 
J. A. Krug, WPB chairman, in a report on reconversion. 
“Reconversion will, in many cases, not even mean the 
shifting of jobs for many workers. Of the 51,200,000 ci- 
vilian workers, 44,600,000 are in agriculture, railroading, 
steel, retail trades, and other jobs that will continue re- 
gardless of munition schedules.” When a company now 
making aircraft subassemblies is able to resume manu- 
facture of refrigerators, it probably can use the same plant 
and personnel even when making new products. 


POSTWAR MARKET for 60,000,000 home radio sets is 
foreseen by Westinghouse. A demand of such propor- 
tions will keep the industry at peak production for six 
years. 


PEACETIME TRANSPORTATION is expected to con- 
sume about one-third of the total production of alumi- 
num. Aviation will undoubtedly continue to be one of the 
largest users as the industry switches to cargo transports 
and family hop-abouts. Predictions for the automobile of 
tomorrow stress a lighter vehicle as essential to greater 
economy of operation, indicating that more extensive use 
of the lighter alloys will be made in the same way they 
are now being applied in the design of trucks and busses. 


POSTWAR AUTOMOTIVE construction will adopt 
rubber “in torsion” for the springing medium. Already 
such springs are in volume production and are being used 
on busses. An outgrowth of application to LVT landing 
craft, the spring is all-natural rubber firmly bonded to its 
shaft and shell. Having extensive possibilities for future 
civilian use, the unit combines well with aluminum to 
make possible overall lightness and compactness of the 
suspension system. 


COMMERCIAL VERSIONS of the present jet engines 
will be produced by Westinghouse as soon as military de- 
mand permits. These postwar designs, however, will be 
compact, lightweight gas turbines for driving propellers. 
The engines will be somewhat similar to those that now 
produce jet thrust for high-performance military aircraft. 
Engineering work on these designs is already under way. 


INDICATIVE OF POSTWAR thinking and the impor- 
tance placed on development, distribution and marketing, 
America’s first annual “Products of Tomorrow Exposition” 
is planned for opening in Chicago next January, subject to 
military exigencies. Buildings for the show will center 
on the Chicago Coliseum and will be a complete depar- 
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ture from usual plans. Exhibitors’ displays are o, 
to set the style for many years to come. Congy, 
industrial machines as well as other products yi 
cluded. The exposition will be an annual event 
introduction of new designs and will make it pos 
many industries to design for obsolescence. 




















IDEAS INCORPORATED in the 45,000 seize, 
patents will be of value in postwar adaptations gyi 
plastics, synthetic finishes, electrical equipment, 
alloys, dyestuffs, and processes. In fields such g 
types of plastics, synthetic fibers, alloys, textile my 
and lithography we can learn much from Europ 
that reason the patents are made available to ma 
ers and the government is anxious to “put thes 
patents to work for the benefit of American econog 


AS A FARMHAND the modified jeep promises 
versatile mobile power unit, tractor, light truck 
senger conveyance. This civilian Willys jeep hasa 
power take-off for auxiliary requirements up to % 
power. Also, changed gear ratios in the transi 
transfer case and axles provide a farm pace of $1 
miles per hour or a road speed up to 60 miles pe 
either two or four-wheel drive. Wider gears, better 
cation and larger bearings are used as well as a larg 
pacity clutch, redesigned steering linkage and imp 
springs and shock absorbers. Seats are better posi 
and spring cushioned. 





Applying Control Transformers 


(Concluded from Page 136) 


trol transformer with no trouble at all. Later th 
kind of an application was encountered when a 
wished to use a power-driven wheel dressing devi 
only a few watts capacity. 

As to future developments, undoubtedly there ¥ 
improvements in design. It is to be hoped that 
transformers will be devised which will allow the 
be interchanged just as it is now possible to change 
in magnetic switches. In other words, the tram 
would consist of core and coils only, the core to# 
base or feet for panel mounting and so arranged th 
core can be opened and the coils changed to other! 
of transformation such as 575/115 or 208/115, et 
also interchangeable to coils with reduced voltage '™™% 
the secondary. Thus other voltages besides 115 ot 
obtained. This would achieve a desirable feature 
ing these devices adaptable to special voltage requ 
either at 50 or 60 cycles. Control transformers wi 
above features would gain wide acceptance mn ™ 
cial markets. 

Having available more advanced methods of col 
ing with the new high temperature silicone insulating 
covering and varnishes, control transformers might ® 
become available with practically indestructible wi 
Such sources of small power would prove to be ve 
and dependable even under adverse conditions : 
tion. 
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si i” 
ERE AT CMPC we're committed to just one job — organization geared to custom molding exclusively 

here ... and doing that job well. We have no prod- __ .... meshing our knowledge with that of our custom- 
that (iets of our own. We have nothing to offer the dealer _— ers. . . giving them the full benefit of our quarter 
the “br jobber. Instead, all the effort of our seasoned or- century of experience in plastics . . . assuming un- 
changanization . . . all the facilities of our modern 24%acre divided responsibility for designing, mold making, 
tran@plant...are devoted to the important task of produc- _— molding, and finishing . . . we have built up a 
re t0 Ming good plastic parts for the manufacturers weserve. _ nationwide reputation fér quality in molded plastics 
ged tl Results have proved the wisdom of this policy. It _. . . for doing even the tough jobs well. 
othe has enabled us to give undivided This is one more reason why 
5, eBttention to the needs of those we you'll find CMPC a good place to 
tage ‘pvve...to make their problems come for your molded plastic parts. 
a ‘ ur problems . . . to become, in CH IC nite @) When you’reready todiscuss plans, 


just ask fora CMPC Development 


Engineer. There’s no obligation. 


VYolders 


2 Chicago 51, Illinois 


ffect, the customer’s plastics 


ie molding department. With an 
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1028 N. Kolmar Ave. G 
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president in charge of sales. He joined the company jg} 


B U S | N ESS A N D 1944 as sales director. 
- 
ES CRS Seo ee 


by the Cincinnati, Pittsburgh and Cleveland offices. 


¢ 

APPOINTMENT of Edward Gammie as general sales mana- 

ger of Victor Mfg. & Gasket Co. has been announced Connected with The Ohio Rubber Co. since 1936 g 
recently, Associated with the company since 1930, Mr. Gammie Mellinger of the sales department has been promoted 
in recent years has supervised the application of gaskets and position of assistant sales manager. 
oil seals to mechanized warfare. In his new position he will have ‘ 
complete charge of the automotive, industrial and replacement 
sales divisions of the company. Henry A. Mullen has become a member of the 
partment of Ampco Metal Inc., Milwaukee, and wi 
tached to the Detroit field engineering office as 


General Electric Co. has selected a site at Tiffin, O., for a welding consultant. P. reviously he had been associ 
new manufacturing plant in order to meet the anticipated Ford Motor Co. as welding supervisor at the 
postwar increase in small motors for electrical appliances and Plant. 
in ballasts for fluorescent lamps. Another site is being selected, ° 4 
and both will be operated under the management of the Fort 'q 
Wayne works. Moving to its new plant at 1520 Twelfth St., §. ¥ 
ton, O., has been announced by Mercury Clutch Ge 


fg 


° 
« 


Reopening of its branch office at Charlotte, N. C., has been 
made known by The Foxboro Co., Foxboro, Mass. Samuel C. 
Alexander, 2012 East Seventh St., has been named resident 
engineer in charge. 


Recent changes in the sales and branch house di 
been announced by the’Crane Co. Carter T. Pollock, pr 
manager of the Chicago branch, has been named mal 
the Central District with headquarters in Chicago. 
him as manager of the Chicago branch will be W. AB 

At a recent meeting of the directors of The Bunting Brass formerly manager of the Cleveland branch. A. N. Roshi 
& Bronze Co. of Toledo, O., Robert R. Hirsch was named vice previously manager of the Toledo branch. has succeéd 


° 
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e Test a Metal's “Muscles” 
ot just to find out how much it can give — 
t how much it can take!... 

















BEHIND THE SCENES WITH THE MEN WHO PUT 
THE “KNOW-HOW” INTO BUILDING PILOT MOTORS 


HARDNESS TESTER...for testing surface hard- 
ness of rotor shafts, lamination steel, raw stock for 
motor cases and other motor parts. 


The men who staff our 
Research and Testing 
Laboratory are, you 
might say, “from Mis- 
souri.” They take noth- 
ing for granted. For upon 
the shoulders of these skilled Laboratory Tech- 
nicians rests the responsibility of okeying or re- 
jecting the raw materials used in the construction 
of Pilot Shaded-Pole Motors. Trouble-shooting is 
their business... seeking out flaws in various metals 
or structural weaknesses which, undiscovered, 
might affect the efficiency and dependability of 
these motors in service. And they do find out, with 
the help of the most modern, scientific testing 
*quipment. Thus are the high standards of Pilot 
quality safeguarded. And thus are the specific 


ES 
4 


TENSILE TESTER...for testing physical properties 
such as ductility, tensile strength and yield strength of 
metals used in motor construction, 


requirements of Pilot Motor customers met 
and maintained. 


PILOT F.H.P. MOTORS ARE BACK!.. . Avail- 
able in ratings from 1/500 to 1/15 H.P. Write 
today for Bulletin M-815 which gives complete 
information about these dependable, low-cost 
Motors. 


F. A, SMITH MANUFACTURING CO., INC. 
401 Davis sr. ROCHESTER 2, N. Y. 
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Star solved a problem for a well 
known user by designing this 
Gearmotor with Built-in Brake. 





» « » EXCEPT an extra stamina 
that’s added to its modern design 


Check the reasons why Star Gearmotors are often 
preferred for punishing services. Users will tell 
you — “because a Star gives us both heavy-duty 
construction and an unusual combination of design 
improvements that mean plenty in terms of 
efficiency and all-round convenience”. 

Star Gearmotors will live-up to such praise. 
Small units are built on a heavy-duty basis. All 
ratings are made extra-strong throughout. Many 
users will tell you that a Star’s extra-stamina gives 
them an ample margin of safety to meet un- 
expected strains . . . often removes the need to 
use a larger size merely to be “on the safe side”. 


CHECK THESE FEATURES ... 


Center spacing of gears is 

constant . . . no need to 
change parts other than gears 
to change speed ratios. 


Motor, gears, everything 

is made by Star. Complete 
control of manufacture as- 
sures accuracy and uniform 
quality. 

Integrated design avoids 

a coupling between gear 
unit and motor. . . promotes 
compactness and simplicity. 


Where a mounting prob- 
lem cannot be solved with 
standard types, Star’s welded 
steel construction permits a 
solution at reasonable cost, 


/3 Motor pinion is pressed 
and prevents delay. 


onto motor shaft. No need 
to replace shaft when replac- 
ing worn gear. 

Wide flexibility is found 

in a complete line of gear- 
motors: 44HP to 75HP... 
all cycles, phases and frequen- 
cies... gear reduction range 
from 214 to 1 up to 100 to 1 

Liberal use of materials - - - planetary gear, parallel 

throughout, and use of an shaft and right angle drive 
extra tough gear metal, im- units .. . all types available 
parts exceptional strength. with Star Built-in Disc Brakes. 


All motors have anti-fric- 

} tion bearings . . . ball or 

roller bearings according to 
the reduction step. 


If you’re particular about gearmotors, we suggest close analysis 
of Star otors for your product or plant. For more facts, 
write—Star Electric Motor Company, 220 Bloomfield Avenue, 
Bloomfield, N. J 


STAR MOTORS 


POWER PACKAGED AS YOU NEED IT 












Burbine as manager of the Chicago branch. Succeed; 
Rosborough, in turn, will be W. D. LaRue, formerly mame 
the Muncie, Ind., branch. R. C. Danielson, previously ma 
of the plumbing department at the Indianapolis branch, 
replaced Mr. LaRue as manager of the Muncie branch, 


o 


Among other appointments recently made by Cutler-Hy 
Inc., are those of G. S. Crane, formerly vice Presider 
charge of sales and engineering, as president and P, § 
as vice president in charge of sales. 


o 


Announced by Briggs Clarifier Co., Washington, is th 
pointment of W. J. Sommers, 505 Delaware Ave., Bufhh 
distributor to cover western New York and _northwe 
Pennsylvania. 


e 


Formerly sales manager at Imperial Electric Co, Pag 
Moore has been appointed motor sales manager of Star Eley 
Motor Co., Bloomfield, N. J. 


° 


With the resignation of Carl W. Hedler as westem 
manager and manager of distributors’ sales, Norma-Hofn 
Bearings Corp. of Stamford, Conn., has made the folle 
appointments in the home office sales executive pers 
R. L. Miller, sales manager; E. M. Beers Jr., assistant 
manager; G. V. Titsworth, assistant sales manager; C. 
Brown Jr., assistant to the sales manager; and W. G. Sag 
manager of distributors’ sales. All of the foregoing wil¢ 
tinue to report to Frederick W. Mesinger, vice presides 
charge of sales. 


« 


Promotion of George R. Hammett from assistant ma 
of sales to manager of sales of the New Orleans district aif 
has been made by A. M. Lockett & Co. Ltd. In hist 
position Mr. Hammett has succeeded R. P. Lockett, rece 
eleeted vice president of the company. 


¢ 


F. L. Jacobs Co. of Detroit, manufacturer of precision a 
motive parts, has acquired a plant at Holly, Mich. It wi 
operated as a plating and machine unit of a subsidiary 
pany, Continental Die Casting Corp. 


° 


Establishment of a new office at 211 State St., Bridge 
Conn., has been made by Alfred B. King & Co., distnbe 
for The Lincoln Electric Co. of Cleveland. Howard Pea 
ton has been placed in charge of the new office. 


e 


Made known recently by Bentley, Harris Mfg. Co. d 
shohocken, Pa., is the appointment of Western Fiber? 


Supply Ltd., 739 Bryant St., San Francisco 7, to act ®™ 


representative on the West Coast. 


+ 


With headquarters at 18 West Chelten Ave., Ph e 
the Fluid Controls Co. has been made exclusive valve ais™ 
for R-S Products Corp., also of Philadelphia. Territory | 
by Fluid Controls Co. will include the Pennsylvania 


east of and including Potter, Clinton, Center, Huntingto * 


Franklin, as well as the New Jersey counties south of 
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= Fan Cooled Type in Star 
“ne of 1% to 200 HP motors. 
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(IN OUR ADVERTISING) 


Ad men tell us that plants haven’t been shown in ads for 20 years. We’re 
doing it anyway. Because the kind of plant we run has much to do with 
the kind of motors we make. 

You see above what we call a BIG small plant, (290,000 sq. ft. and 1500 
workers). Big enough to build a lot of motors of the kind Star builds. Small 
enough so we can keep a close eye on all the details that affect quality. 

You see a plant that anybody would call modern. And, its equipment 
is as up-to-the-minute as the buildings, including fine research and testing 
facilities. 


You Don’t See the Important Part... 


No picture can show you the kind of men who build Star Motors, or the 
way they work. But, come to visit us someday, and you'll see a plant full 
of real “motor men” ... men who put the best of themselves, along with the 
best of materials into the motors they build. See us at our job and we won’t 
need to sell you on making Star your “Motor Department”. 

With a complete line of standard motors and design know-how that has 
licked “stumpers” in motor application for many important makers of power- 
driven products, Star is ready to work with you on any need. Early delivery 
of some standard motors can be made. For AC or DC motors 4% to 200 HP 
and AC or DC generators to 150 KW, write Star Electric Motor Company, 
220 Bloomfield Avenue, Bloomfield, N. J. 


POWER PACKAGED AS YOU NEED IT 











@ LOWER PUMPING COSTS 

@ SUSTAINED PUMPING CAPACITY 
@ PUMP DEPENDABILITY 

Write for 


Bulletin 
No. 306 




















FACTS 
ABOUT 
ROTARY 
PUMPS 


which explains why the “‘Bucket Design’’ 
(swinging vane principle) maintains 
pumping capacity by automatically com- 
pensating for wear and how the buckets, 
when finally worn out, are easily re- 
placed and the pump restored to its 


normal capacity. 



















WE DESIGN AND BUILD SPECIAL PUMPS 
OUR_ENGINEERS ARE AT YOUR SERVICE | 


BLACKMER PUMP COMPANY 


1970 Century Avenue Grand Rapids 9, Michigan 


POWER PUMPS - HAND PUMDS 





- EZY-KLEEN STRAINERS - 





cluding Warren, Hunterdon, Mercer and Monmouth, 
entire state of Delaware. 
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Change of name and ownership has been annoypal 
Allied Appliance Co., specialists in automotive and 
valve fittings and automatic screw-machine products, i 
forth the company will be known as Allied Appliance & 
Co. Under the direction of R. B. Gutsch, a plastics § 
specializing in designing, fabricating and molding of 
parts has been added. q 

















° 












Formerly located at Leominster, Mass., Great 
Plastics Co. has moved to 55 North St., Fitchburg, Mag” 






¢ 









ss 
‘* 





Purchase of the precision casting division of B. F. Hing 
New York, has been announced by Solar Aircraft Co., San ) 
Calif. Headed by Edmund T, Price, president of Solar Aj 
the new firm will be known as Solar Precision Casting 
B. L. Levinson, formerly vice president and general 1 
of B. F. Hirsch, will serve in a similar capacity in the 
company. 













¢ 














Construction of a new moder daylight plant is und 
by Gothard Mfg. Co., Springfield, Ill., which will result 
decided enlargement of the engineering and researth 
partment. 







e 














According to a recent announcement by Molybdenum @ 
of America, Miles K. Smith has joined the Pittsburgh di 
of the company in the capacity of sales and service enginet 













° 







Under the direction of K. L. Crickman, southwestem mg ~ 
ager of The Carpenter Steel Co. of Reading, Pa., a new We 
house has been opened at 5137 Vine St., St. Bernard, 
cinnati. Charles V. Luin and John A. Koch, district repre 
tatives, will make their headquarters there. 


+ 


Four new field service engineers have been appointed 
Rustless Iron & Steel Corp. to represent its sales division 
the Philadelphia, Milwaukee, Chicago and New York tet 
tories. These are: Walter H. Funk, at Philadelphia; Edw 
L. Kelly, at New York; Eric M. Arndt, at Milwaukee,! 
porting to the Chicago district office; and Edward G. Cres® 
at Chicago. 


a 


Change of name has been announced by Linear Packt 
& Rubber Co. Henceforth the company will be know 
Linear Inc. No change in personnel or policies has resulted 


° 


In order to facilitate speedier service to the Northei 
Seaboard area, American Photocopy Equipment Co. of Chical 
has opened a showroom and office at 19 West Forty-o 
St., New York. 


e 


According to a recent announcement, C. W. Ment 
been made sales manager of Elmer E. Mills Corp., a a 
Previously he had been director of sales for Universal Fi 
Corp. 
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Representative of how Hyatt Roller Bearings meet spe- 
cific application requirements is the plate caster assembly 
in which there are three types of Hyatts, each doing 
its allotted job. 

Minimizing friction and assuring freedom from wear, 
is a sturdy Hyatt Junior Series Solid Roller Type Bear- 
ing in the wheel hub. Contributing to free turning of 
the gooseneck and applied at its top, is a Hyatt Spher- 
angular Bearing, self-aligning and suitably designed to 
carry both radial and thrust loads. At the bottom of the 
gooseneck is a Hyatt Hy-Load Bearing which provides 
line contact for better load distribution. 


You are invited to call on Hyatt engineers for help 
with any present or future bearings application problems. 


HYATT BEARINGS DIVISION - GENERAL MOTORS CORPORATION 


Harrison, New Jersey 


Chicago - Detroit - Pittsburgh - Oakland, California 
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NEW MACHINES- 


And the Companies Behind Them 


Air Conditioning 
Air clarifier, American Air Filter Co., Louisville 8, Ky. 


Brewery 
Pitching machine, N.R.K. Mfg. & Engrg. Co., Chicago 45. 


Domestic 
*Home freezer, Refrigeration Div., Amana Society, Amana, Ia. 


Industrial 
Automatic parts washing machine, Modern Mechanic Co., 
Chicago 3. __ 
Small parts cleaner, The Gray Mills Co., Evanston, II. 
Electric cable cutter, General Electric Co., Pittsfield, Mass. 
High-powered directional loudspeaker, University Laboratories, 
New York 14. 
High-speed duplex pump, Precision Scientific Co., Chicago 47. 


Metalworking 

*Grinder and honer, The Cross Co., Detroit. 

Shaver for bevel ring gears, National Broach & Machine Co., 
Detroit 13. 

2%-in. horizontal boring, milling, drilling and tapping machine, 
Defiance Machine Works Inc., Defiance, O. 

Tube end forming machine, Vaill Engrg. Co., Waterbury 89, 
Conn. 

Automatic bar stock machine, Kent-Owens Machine Co., To- 
ledo 10, O. 

Flat broach sharpener, Great Lakes Broach & Gage Co., 
Detroit 8. 


Vertical drilling and boring machine, Le Maire Tool § 
Co., Dearborn, Mich. 

Vertical grinder and die grinder, Master Tool Co, Ine,, 
land 15. 


Mining 
Electric portable drilling machine, Evansville Electric & 
Co., Evansville, Ind. 


Processing 
*Dielectric heater, Thermatron Div., Radio Receptor Co, 
New York. i 
Testing 
*Precision pneumatic gage, The Sheffield Corp., Dayt 
High-vacuum recording gage, F. J. Stokes Machine Co, } 
delphia 20 


Portable hydrostatic multipurpose tester, Mansfield & Gum ~ 


Cleveland. 

Automatic electronic inspection machine, Electric Eye Rg 
ment Co., Danville, Iil. 

Fatigue testing machine, Baldwin Locomotive Works, } 
delphia 42. 


Textile 
Automatic cloth spreader, Cutting Room Appliances @ 
New York 10. . 


_-Welding § 
Large capacity square frame welder, Harnischfeger @ 
Milwaukee 14. . 
Projection welder, Sciaky Bros., Chicago. : 
Transformer welder, Air Reduction Sales Co., New York jm 
Duplex seam welder, Progressive Welder Co., Detroit 12. 3 
Rocker-arm air-operated spot welder, Precision Welder & Mm 
chine Co., Cincinnati. 


*Tllustrated on Pages 140-143. 
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The Acme-Gridley automatic bar machine is manufactured by The National Acme Compan 
Cleveland, Ohio. Quick-As-Wink Valves are manufactured by C. B. Hunt & Son, Salem, Oh 


CONTROL VALVES 


Here’s another nationally known machine tool builder who 


Quick-As-Wink valves. 


On this Acme-Gridley automatic bar machine, a 2" No. !* 


C.B. HUNT &G SON 
1854 E. Pershing St. 
SALEM, OHIO 


You can get the answers for your valve requirement 
factual, engineering-styled Quick-As-Wink valve catalog. Send 
a copy today. 


RA4 Quick-As-Wink four-way hand valve with automatic ret 
controls the air cylinder which pushes the 3.7" shell into the co’ 
A similar Quick-As-Wink valve controls the double acting cy!i™ 
which ejects the shell after machining. 


s in t 
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